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INTKODUCTION. 



I. Thib little work has t>een written in continuation 
of the articles on Masonry, contained in a previous 
volume* of the Rudimentary Treatises. The reader 
will there find an outline of the principles of equi- 
hbnum of retaining walls and arches, and a sketch of 
the operabons of the mason, with descnptions of the 
tools and implements used m stone- cutting, liiese 
subiects, therefore, have not been touched upon in tlie 
following pages, which arc devoted more particularly to 
the scientific operations of stone-cuttina:. and to the ex- 
planation of the methods bv which tliu mason obtains, 
from the designs of the architect, the exact shape of 
each stonfe in a building, so that when set m its place 
It shall exactly fit the adjacent stones, without previous 
reference to them. 

II. The necessity for geometrical projection, in order 
to construct the moulds and templates by which the 
mason is guided in his work, must always have existed 
from a ve^ early period ; indeed, it would be impossible 
to erect a stone tmildiiig of any architectural preten- 
dons, without first arranging the joints of the masonry 
on a laige drawing, and making full-sized projections of 
some portions, such as the profiles of the mouldings. 

III. It would be interesting to trace the history of 
descriptive geometry in its application to masonic pro- 
jection; to examine how far the geometrical rules in 

* Rndimeirii <4 flu Art of Bulding. 
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current use amongst masons at different periods, arose 
out of the necessities, so to speak, of the architecture 
of the time when they were practised, and to ascertain 
what influence they, in their turn, exercised on the cha- 
racter of succeeding styles. Thus, the exquisite profiles 
of the Greek mouldings are true conic sections, the 
properties of which were well understood hy the Greeks, 
whilst the corresponding members in Roman liuildings 
are tame and spiritless, and composed of cireular curves 
only. Again, wliilst the later works of the Roman age 
betray a total want of rule and systcn>, the architecture 
of the middle ages exhibits a very perfect and complex 
geometrical system of construction, arising naturally 
out of, and yet quite distinct from, that of the classical 
architecture of earlier times, and equally removed from 
that of the Italian revival of classic architecture, which 
sprang up at the commencement of the fifteenth cen- 
tury, and which, in the course of the sixteenth, spread 
so extensively over Europe, as completely to obhterate, 
so to speak, all traces of the rules of the mediceval 
architects. 

rV. The history of the geometrical methods prac- 
tised at different periods k not, however, merely a 
matter of antiquarian interest, but is also an essential 
branch of knowledge, in connection with the art of 
stone-cutting. The character of all genuine architec- 
ture, no matter of what age or country, is so dependent 
on Its mechanical structure, that we cannot successfully 
imitate the style of any period, without thoroughly un- 
derstanding the principles of construction which pre- 
vailed at that time. This is especially the case with 
Gothic masonry, which cannot be properly executed 
without a thorough appreciation of the peculiar cha- 
racteristics of mediEev^ architecture, and of the es- 
sentia! ditferenees which exist between the methods of 
the Gothic masons and those of our own day, which 
are almost exclusively derived from the practice of the 
Italian school of architecture. 

y. In former times the. masoa bad probably little 
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general acquaintance with the principles of projection. 
Having no occasion for any rules, besides those re- 
quired by the architecture of his own time, he worked 
by them without departing from the beaten track, ex- 
cept when some startling architectural novelty rendered 
a modification of tbem abMdvtely necessary. But in 
the present day the case is quite different. We copy 
the architecture of all nations and all times ; we intra- 
duce in our designs every variety of curves ;* and we 
execute our works in every conceivable material, from 
granite to gutta-percha. 

VI. In this absence of any settled principles of de- 
sign or construction, the mason can no lojigcr work 
from traditional rules, or confine himself to one parti- 
cular style of architecture, and it becomes necessary 
for him to master the principles of his art, that lie 
may he able to invent for each problem that may come 
before him the solution best adapted to the character 
of the work in hand. 

VII. In selecting and arranging the materials for 
this little volume, the object aimed at throughout has 
been, therefore, to lay down general principles rather 
than to multiply examples, and wilt be found to differ 
from most works on stone-cutting, in the omission of 
many problems usually inserted, which are simply so 
many exercises on the cone, die cylinder, and the 

r'lere, and have reference only to the round forms of 
Italian school, whilst we have written at sonu: 
length on the subject of ribbed vaulting, the principles 
of which have not been explained, except in compara- 

verj- matkQd influence on Iho character of tlic Hoik. The curvesTscd hy 

circular cnr,ea nnlyrorc'ur™ ma/e*"p' oVc'i^uT™arc3 o("dVerenl radii! 
nrc employed, although Ihe profiles of Ihe diagonal riljs, in some esaoiplcs 
of VBulting, present cnrvea very similar to the eliipse, being struck from 
three centres. In Italiin BchiCecture, elliptical curTes, formed by the 
int«iMtton of ojifindilcil nit(ac«,n« of csiutMit TCMnane. The ute 
of ijural cmrei as linea of ooiiatTactioii, and not merely ti decomtioiH t> 
quite modeni, ind diCea 6om the iBtTDdaction of the obliqns mh. 

b2 
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tiTely expensive works of a class not usually to be fonnd 
on the book-shelves of the mason. 

yill. The work is divided into three sections, as 
follows : — 

Section I. — On the Construction of Vaults and 
Arches. 

The problems which present the greatest difficulties 
in nasoniy are those relating to vaulting, the perfect 
execntion of which, from the knowledge it requires of 
projection and of tiie nature of the lines produced by 
the interaeclaons of curved surfaces, has always been 
the severest test to which the skill of the mason can 
be exposed. We hare, therefore, in the first section 
briefly sketched the history of stone-cutting in con- 
nection with this class of problems, for the purpose of 
explaining the essential characteristics of the two great 
classes of vaults, viz. the rib and pannel vault of medi- 
seral architecture, and the solid vault of jointed ma- 
sonry, which belong to the Roman and Italian styles. 
Several pages also have been devoted to the explana- 
tion of the prinraples of skew masonry, and of the 
different me^ods of constructing oblique arches^ that 
have been advocated by different writera. 

Section II. — (hi Proieciion. 
W. The drawings of the architect are usually made 
on a rectangular drawing-board, the horizontal and 
vertical lines bein^ drawn with a X square. In the 
workini; drawings of the mason the largeness of the 
scale renders it impossible to make use of such aids, 
and a considerable amount of care and' svstem is re- 
quired to produce a large drawing which shall be trulv 

Again, in the designs ot the architect minute accu- 
racy IS comparatively of minor importance if the draw- 
ings are jiroperl^ figured, as the mason should be giuded 
by the written dimensions, and not by the actual size, 
of the different parts of the drawing. But the working 
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drawings of the mason exhibit the actnal sizes of the 
stones, any inaccuracy in the drawings materially ajSect- 
ing the soundness of the work. > 

We have, therefore, in the second section given a 
few hints on the management of large drawings, which 
may be useful to those who have not learnt, by painful 
experience, the necessity of minute accuracy. 

The subjects treated of in this section are arranged 

Working Drciwin^s.— Materials ; instruments ; scales ; 
figuring; copying; platform-work. 

Linear Drawing. — Straight lines ; protraction of 
angles; measurement of rigbt-aiigled triangles; pro- 
blems relating to circular curves ; modes of drawing 
the clhpsc. 

J'rriicipk'S of Projection. — Surfaces; solids; problems 
relating to the projecCion and development of the cone, 
cylinder, and sphere; spiral Unes; intersections of 
curved smfacea. 

Section III. — On Practical Stone-Cuilv^. 
X. There is a class of problems connected with rail- 
way masonry that has as yet been very little studied by 
working masons ; we refer to those required for working 
the wing-walls of bridges. The construction of curved 
wing-walls, and the nature of the twist of the coping 
beds, have been explained at greater length than the 
limits of this Mttle work would at first seem to warrant. 
But OUT reason for this has been, that the same rules 
apply, with trifling modifications, to all constructions 
bmit in horizontal courses with conical beds (as for ex- 
ample, to talke two instances apparently most dissimilar, 
a hemispherical dome and the spani^il solid of a fan 
vault); and therefore the system of lines here laid 
down may be considered, to use the words of Professor 
Willis, "as a general formula which includes many 
particular instances."* 

* Wlllii " On the Conitrnetion of the Taulls of the Middle Affts" 
Tnouulioni of the Inaytate of Britldi AicUtecta, Tid. I. Ft. 2. 
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The subjects treated of in the diird Mofios are as 
followB:— 

Part I. — Gbnebal Fbincipleb of SroNB-CDTTiNe. 

Formation of Swfmoe»j—T?iaaa, onrved) and winding 

surfaces. 

Solid Angles. — Nature vi soUd »a^e»i proUeHw re- 
lative to the triliedral. 
Surfaces of Operation. 

Part II.— Applicatiom or Pbinoifuu to wakti- 

CULAB COMSTBOCTIONI. 

Batteritiff WalU on Curved Plane. 
Xhmes. 

Archot.-^Axcbea on reetaogular plans, ciicolBr and 
«UipticaIi obJique arches. 

Qroined Vmltmg. — Roman yauldng; ribbed vault- 
ing. 

XI. In condnding tJiese introdnotory remarks, it 
may be necessary to add that the reader is presumed to 
have a knowledge of plane and solid geometry, as well 
as of the elements of plane trigonometry. 

As not only acquaintance, but familiarity with these 
subjects is indispensable to the proper understanding of 
the more difficult problems in stone-cutting, especially 
those connected with skew masonry, no purpose would 
have been answered by inserting in this volume a pre- 
paratory treatise on geometry, which must have ne- 
cessarily been too brief to be of any real value; and 
the. introduction of which would have excluded much 
matter bearing more immediately on the subject. of the 
work. 

E. DOBBOX. 
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SBCTKHf L 

ON THE CONSTRUCTION OF VAULTS 

AND ARCHES. 



1. The construction of plain cylindrical vaults in 
which the faces, beds, and joints of all the stones are plane 
surfaces, dther perpendicular to, or radiating from, the 
axis of the cylinder, presents no particular difficulties, 
the only lines that have to be made use of being straight 
lines and circular curves; and accordingly we find that, 
from tha earliest times, the construction of common 
cylindrical vBolts, bott) iti brick and stone, appears to 
bave been weU understood, arched vaults being fonnd 
amongst the ruins of Ninereb,* wbilst arches of brick 
and stone ore sfiU remaining atTbebesf and Saqqnara; 
in evidence of the knowledge of tbe arch possessed by 
Uie ancient Egypliaiis. Whether the Greeks were ac- 
quainted with the princq>le of the arch, is still a disputed 

* VUi Liyaid'B " RlneTdu" 
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point. Fiurther than this the anraents do not appear 
to hare advanced, and we have no evidence to show 
that the now familiar problem of finding the profile of 
a groin from the square sections of a vault by means of 
ordinates, was at all known before the eleventh, or that 
it was generally practised l>efore the fifteenth century 
of the Christian era. 

2. The very curions dome-shaped building at My- 
cenic, in Greece, known by the name of the "Treasury 
of Atreus," affords valuable evidence as to the amount of 
knowledge possessed by its builders of the principles 
of dome vaulting. The inside of the building forms a 
pointed domo of 48 ft. diameter^ and of abont the same 
height, the section preaenting two interaecljng arcs of 
about 70 ft- radius. The difficulties which attend the 

working of such a vault with 
radiating beds have been 
here evaded by making the 
beds horizontal throughont, 
the top being formed of a fiat 
stone. Nothing more, there- 
fore, was necessary than to cut 
the sofiit of each course to the 
required angle with its bed, 
which could readily be done 
by means of a templet out tg 
the radius of the vault, as 
shown in fig, 1. 

3. Although the principle of the arch was known at 
a very early period, the arch was never employed to 
any great extent before the Roman age. Its form did 
not harmonize with the severe horizontal features of 
the columnar architecture of Egypt and Greece, whilst 
its employment was not a principle of constmction as 
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amoiigBt the Romans, who bnilt in a great measure 
with brick, and who probably had -oot tihe means of 
executing the flat masaire stone roofs with Which the 
Egyptians covered their halls and porticoes. 

4. We must, however, guard agunst assuming, from 
the general absence of the arch in Gireraan architecture) 
that the Greek architects were unacquainted with geo- 
metrical methods of describing elliptical or any other 

The singular facts respecting the cur^-eiJ lines of tho 
Greek temples, which have been recently placed heyund 
tlie possibility of disputo by the careful measurements 
of Mr. F. C. Penrosej* who devoted five months to 
the investigation of the curves of fclie Parthenon alone, 
show that they must have possessed very perfect 
methods of setting ont and executing their work, the 
periectioti of vhicb it would be impossible to excel, 
and which it would be difficult at the present day to 
eqnslt The leading facts to which we refer are briefly 
these ; that the lines of the pavements, architraves, and 
cornices are not horiaontal, but curved ; and that the 
entasis or vertical curvature of the columns, and the 
profiles of the mouldings are true conic sections; being 
either hyperbolic or parabolic curves. No traces of a 
knowledge of conic sections are to he found in the 
architecture of tlie Romans, whose works are often 
executed in a coarse and slovenly manner, and whose 
mouldings are formed ot circular curves only, instead 
of presenting the delicate curves we find in the works 
of the Greeks. 

5. With the introduction of the arch by-the Romans 
as a leading principle of compositiDn, commences a new 

■ " Two Letters from Athena, b; F. C Penrose, Eiq." Fablithed 
for the Sgdefy of Dilettanti. 

B 3 
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flTBinthBhutoTyofcoDdTuctuni. The arcliM of llMbu 
and Nineveh were of small dimensitHis and of little im- 
portance, but the vaults and domes of the Romans were 
of such spans as would at the present day, with all our 
mechanical racacis and scientific knowledge, be consi- 
dered bold undertakings. Thus, the dome of tlie Pan- 
theon, at Rome, is a hemisphere lli9 ft. in diameter, 
and the groined vaults of the building known by the 
name of the Temple of Peace were upwards of 70 ft. 
span. The workii of the Romans exhibit great prac- 
tical knowledge of the etjuilibrium of arches ; and in 
the buildi'ig just mentioned, and in the vaulted roofs of 
the large halls attached to the public baths, wc find the 
aTraogesoeDt of the groined vault supported by masHre 
ucbed battresse%. the type of the grtuned vmlts, and 
flying bnttreanea of the middie ages. 

6. There is, howercr, no evidence in the works of 
tbe BomMB of any knowledge of the sctentifie opera- 
tions of stone-cutting. Their domes and cupolas could 
have been constructed with a very simple sy&tera of 
centering, as each course, when cocnplcted, became 
self-supporting, whilst the construction of their groined 
vaults esiiibics an unscientific evasion of constructive 
diflicultii^s, quite in keeping with the general inatten- 
tion to niiiiute details, winch is one of the characteristic 
features of Romiin work. 

7. If two vaults of the same height at the crowns, 
but of different spans, are to be made to intersect emeli 
other, some arrang^ent is required, in order tbst tite 
groins, or intersections of the vaulting sorfscea, shall 
lie in TSrtical planes. In our time, the usual plan 
Adopted is, first to deagn the carve of ibe principal 
vanlt, and to make the form of the lesser vault depen* 
dent upon it, the curve bung found from that of tbe 
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principal vault by means of ordinatea, u shown in 2, 
pkte I, where the sqnare section of the larger vs\dt is 
a semicircle, and that of the smaller one a semi-ellipse. 
This method is, of course, applicable to all cases of 
intersecting vaiilts, ivhateTer their curvature may be, 

8. This method of finding the profile of a groin by 
ordinates, from the square section of the principal vault, 
does not appear to have been known, or at all events 
practised by the llomans, and their method of getting 
over the difticull-y was to stilt the springing of the 
lesser vault, making the sections of both vaults semi- 
circles of different radii. The consequence of this ar- 
nutgement ic^ that the vnuhing surfoces do not intersect 
in Terti<^ planes, and the groin forms a vaving line, 
as shown in fig. 3, pkt& 1. ^le vaulted roots of the halls 
of the Baths of Diodetian and Caracalla are examples 
of this contrivance, wbich was also made use of in onr 
own country before the twelfth century, when plain 
orossvaoltiagbegantobe superseded by rib and pannel 
vaslling, which, in its turn, fell into disuse on the re- 
vival of the classic style of architecture in the fifteenth 
and sisteenth centuries. In Germany anotlier contri- 
vance appears to have been adopted, which we shall pre- 
sently describe. 

9. So early as the time of Constantinc, the art of 
constructing vaults seems to have been on the decline, 
and the roofs of the early Christian churches in Italy 
were of wood, with the exception of the eastern semi- 
circulmr apae, which was always covered with a plua 
semi-dome. 

10. In the aixtii century was erected the celebrated 
dome of St. Sophia, at Constantinople. This is a flat 
dome, lis ft. in diameter. Soon afterwards was built 
the church of SC Vltal^ at Ravenna, wtnidt has a 
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hemispherical dome, 54 ft. in diameter. This latter 
dome is the first example of the re- introduction of 
dome- vaulting into Italy, after the decline of the Ro- 
man art. These two celebrated domes were constructed 
of earthenware and pumice-stone, and presented^ con- 
sequently, no difficulties in stone- cutting. 

After the erection of St. Yitalis, pinin groined vaults 
of small span became very common, alihough the nave 
roofs of the Italian Qhurches continued to be constructed 
of woodi with flat ceilings, until the 1 Sth centurj', when 
the pointed style was £rst intr9duced into Italy. These 
vaults are usually divided into compartments, by flat 
bands, an arrangement which continued to be practised 
long after the introdoctdon of ribbed Tanldng. 

11. The crowns of the Ropian vaults were made 
level throughout, and we find this arrangement to have 
prevdied in our own country until the introduction of 
the more complex forms which we shall presently do- 
scribe. But on the Continent a different system seems 
to have prevailed, the nature of which we shall endea- 

12. In the construction of a plain waggon vault with 
cross vaults, the easiest way of forming the centering 
is to make a complete centering for the main vault, 
and on it to place the centres for the cross vaults. 

. This dispenses with the necessity for finding the curves 
of the groins, and the cnaa vatdts may be made of any 
shape, without regard to tJieir intersection with the 
main vault, as the groins, to use a familiar phrase, 
will "fiid themaelvet." The irregularities of the groin 
lines of the Soman vaults would seem to indicate that 
they were built in this way. A centering of this land 
is, however, very defective, being weak ,at the most 
important parts, namdy under the groins. 
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The obrions remedy is to construpt the oentenog 
with diagonal riba. Bnt here comes the important 

question — how is the profile of these ribs to be ob- 
tained ? J . 

13. It is very evident that, for the vaulting surfaces 
to be cylindrical, the rib must be of a flatter curve 
than the squaro section of the vault, Tf the latter be 
a semicircle, the former will be a semi-ellipse, and if 
the form of the vault be pointed, that of the rib will be 
a pointed arch formed of two eUiptical curves. We 
have already said, that the method of obtaining tlie 
profile of a groin by ordinatea does not appear to have 
been formerly known, and in the early German vaults 
the difficulty is got over in a very simple and satisfac- 
tory nianner, by abandomng the prmciple of keeping 

the surfaces cylmdncal and 
*■ making the groms portions of 

circular curves.* The structure 
of these early vaults is highly 
domical, the curvature of the 
groins being such as to throw 
their intersection much higher 
than the summit of the trans- 
verse and longitudinal ribs, by which each compartment 
of the vault was bounded. (See fig. 4.) 

14. This expedient does away also with all difficulty 
arinng from the unequal span of two intersecting 
vaults, and introduced the important principle of de- 
signing the profiles of the groins, and leaving the form 
of the vaulting surface to adapt itself to them, whilst, 
in the Roman and Italian styles, the form of the vault- 

' Probabl; in manjr cues a umidrele, la judge froni the chuned ap- 
peaiance of the mdtiig to moat of tb» urif GertDin chordiM ; but, in 
tlie tbaence of onefid meuBRmeBti, it ii impoMfble to My whit nle wm 
falloired ia thii rt<p«ct. 
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ing surface is first settled, and the profile of the groin 
follows from it aa a matter of necessity. The domical 
form of vault was estensively used abroad, especially in 
Italy ; but in England it is not common, and our early 
vaults were constructed on the principle of keeping the 

15. The early Norman vaults of our own country 
are plain rubble vaults, similar to those of the Romans, 
and exhibiting the same expedients of stilted springings 
and waving groins. But at an early period the system 
of solid vaults, with continuous vaulting surfaces, began 
to be superseded by a less massive mode of construc- 
tion, appropriately called, by Professor Willis, " Rib 
and paiinel work." This style of vault consists of a 
framework of light stone ribs, filled in with pannels, 
either built in courses of sraaU stones, or formed of thin 
slabs, cut to fit the spaces between the ribs. 

16. The introduction of diagonal ribs rendered it 
necessary to make use of some method of obtaining a 

face-mould for the groins, 
^- but this was not done by the 

methods described above. 
The common system appears 
to have been, either to make 
the diagonal ribs semicircti- 
lar, and to stilt the springing 
of the transverse and longi- 
tudinal ribs; or, to make the 
diagonal ribs segmental. In 
■ either case, the intersections 
of the vaulting surfaces rose 
i considerablv above the dia- 
gonal rilis at the haunches, 
and, to meet this difficulty, 
i were pi eked up to meet tho 




the backs of these i 
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Tmulting, whidi tlius rests on thin walls of rubble, in- 
stead of on the walls tlicmseK es. This is shown in fig, 5. 
An example of the first-named expedient is to be seen 
in a vaulted apartioent in the castle at Newcastle-upon- 
Tyne. The aisles of the nave of Peterborough cathe- 
dral are examples of the secontl. Sometimes we find 
the diagonal ribs semicircular, and the transverse ribs 
pointed, arches. This construction may be seen in 
^ome vaults on the west side of the south transept of 
Feteiboron^ oa^edral. 

17- But althmigli the abore dfscribed arrangements 
were thoM in common lue, there are instances of plain 
vaalta vitiiont diagonal ribs, irtiidi present die modem 
arrangement of making the profile of the groin de- 
pendent on the form of the principal vanlt. 

The ruins of some old buildings in Southwark,' for- 
merly belonging to the Prior of Lewes, In Sussex, 
contained vaults of this description. One of them is 
deacrtbed in die "Archtecdc^lia," VoL XXIIL, and also 
in Brayley's "Graphio Illuatrator," from irhieh the ao- 
et^apanytng illnstntion, fig. 6, is copied. The length 
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of the vault here shown waa 40 ft. 3 in., the width 
16 ft. e in., and the height 14 ft. 3 in. The main 
vault was seniieylindrical, and was intersected by four 
cross vauhs of elliptical section. The rib.-* were of 
stone; the vaultings of chalk. The arcli over the 
entrance doorivay of the apartment was also of an 
elliptical form. The building is supposed to have been 
erected in tlie twelfth century, but we have no precise 
information on the subject. 

18. It might naturally be expected that tJie next 
step in ribbed vaulting, beyond the rude expedient of 
backing np the diagonal ribs, would have been to ac- 
commodate the curvature of the eUagonai ribs to that of 
the vaulting surfaees; but, instead of this, we find a 
new principle of design introduced, which was to ad- 
just the vaulting surfaces to the curvature of the ribs, 
to which they were made [)erfectly subordinate, each 
rib being struck from one or more centres, and designed 
witliout any immediate reference to the curvature of the 

19. In the Ilocnaii system of vaulting, the vaulting 
surface is everywhere level in a direction parallel to 
the axis of the vault ; and any horizontal section of the 
spandril of a groined vault taken between the spring- 
ing and the crown would be a rectangle. But in the 
Gothic ribbed vault this is not the case, for the plan 
thus fonned would present as many angles as ribs, and 
admits of great variety according to the curvature of 
the latter. Thus in fig. 1*, the plan of the spandril at 
A, by a trifling alteration in the curves of the riba, 
might be made at pleasure to form any of the figures 
shown at a, b, e, and d. 

20. The varieties of ribbed vaulting practised during 
the Middle Ages may be divided into, three cksses. 
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1st. The Plain Ribbed Vault. 

2nd. The Lierne Vault; in which numerous Hemes 
or short ribs are introduced, disposed in connection with 
the principal ones, so as to form star-shaped figures 
round the imposts, as well as a regular pattern at the 
centre of each compartment, 

3rd. The Fan Vault; in which all the main riiis 
have the same curvature, and form equal angles with 
each other at their springing. 

We do not propose to enter upon any description of 
the architectural design of these vaults or of their deco- 
rative features, but it is necessary to say a few words 
on their mechanical construction. 

91. Plain Ribbed Vaulting. — A simple example of 
this is shown in fig. 7- These vaults are sometimes 



Fig. 7. 




found without ndge nbs, and sometimes with them, 
the latter case being of the most frequent occurrence. 
Sometimes there are only diagonal, transverse, and 
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longitudmal ribs; 
n otber examples 
^ we find interme- 
S diate ribs intro- 



duced between the 
diagonal and trans- 
verse, and longi- 
tudinal ones. The 
ridges are geoe- 
r^f faoriaontal^ 
bntitot oninnsUp 



[ 



M. 

Warn. ^Aed 
THulbi won touc h 
used ib Vmusa, 
and in the Italian 
churches, and were 



often decorated with painting. 

22. Lierne Vaulting. — In this class of vaults the ribs 
are very numerous, and the licnics divklc the spaces 
into cotiLpartmciits, which are filled with tracery. In 
the prtvious class of vaults, each rib marked a groin ; 
that is, H change iii the direction of the vaulting sur- 
face; but in these many of. the ribs arc merely surface 
ribs ; tliiit is, they lie in a vaulting surface, whose form 
is determined independently of them, and regulates 
their curvature. Many Tanlts of this class, although 
apparently of very intricate design, are in reality vaults 
ef simple forms decorated vith a profusion of Burfacs 
ribs. A good example of this kind of Tanldng, from 
the cloisters of St. Stephen's, Westminster, is given in 
^ 8. 'Die Amtiractioa of vaults of thistdass requires 
a very thoroi^h knowledge of projeetion, a* the pattern 
of the vault must be first laid down npoa the pbro. 
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curved lines of 
the ribs will of 
course become 
so foreshorten- 
ed, that It gives 
very little idea 
of the perspec- 
tive effect of the 
work in esecu- 
tion. The de- 
signers of these 
vaults mnst 



therefore have possemed the power of coneeiniig in 

liheir minds' the effect they^shed to ]wodace, and hare 

understood how to distort the plans accordingly. 

It is not probable that this was done by any regular 
■ geometrical methods ; it was more probably the result 
of experience and observation on the effect of esisting 
vaults. This is confirmed by the very unequal charac- 
ter of remaining examples ; in some, the meaning ijf the 
design is hardly to be made ont from the plans, nhilat 
ill others the plana eshibit symmetrical arrangementa, 
which are lost in exeec^on frmn tJie distortion of tbfe 

23. Fun Vaulting. — In Ae fan Tsralt, the main ribs hare 
a1! the same curvature, and form eqnal anglea with eatii 
other ; the liemes also are horizontal, eadi set {orming 
-a quadrant, where the vanlt ia divided into rectangnUr 
compartments, as at Kng's College Chapel^ Cambridge ; 
and where thia ia not the eaie, a semidrde, m in the 
example given in fig. 9, which is from the doistera of 
St. Stephen's, Westminster. Lierae and bn vnaks were 
often used in the same bmlding, as in the examples 
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Fig. 9. Jiere given ffom 

the cloisters of 
St. Stephen's, of 
which the walks 
are covered with 
fan vaulting, whilst 
the compartments 
at the angles are 
vaulted as shown 
in fig. 8. But with 
the invendon of 
the ian vault came 
also a change in 
the system of construction, which was also applied to 
the latter lieme vaults when executed hi connectioQ with 
fan vaults. 

24. The early lierne vaults display the same system 
of construction as the plain ribbed vaults, viz. a skele- 
ton of ribs filled in with thin pannels. In proportion 
to the complex character of the designs the ribs became 
more numerous and the pannels smaller, until it was 
found more convenient to execute the whole vault of 
jointed masonry, the pannels being sunk in the soffits of 
the stones instead of being separate stones resting on 
the ribs. This new system was first introduced on the 
crowns of the fan vaults, where, from the lamificalionB 
of the tracery, the ribs were most crowded, and was 
soon extended to the constraclion of the entire vanity 
although in many instances we find the lower portions, 
which consist of plain ribs only, to be of ordinary rib 
and pannel work, whilst the more decorated portions 
are of jointed masonry. The vaulted i^gof of King's 
College Chapel, Cambridge, is an example of the latter 
mode of construction : that of King Henry the Seventh's 




Digitized by GoOgle 



ART OP HAaOHTRV. 



Chapel at Westminster, on the other hand, is built en- 
tirely of jointed masonry. 

25. The art of stone-catting appears to have reached 
its bighot development at the commencement of the 
sixteenth century,- the works of this date exhibiting a 
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perfect muteiyof the sulgcct. Some ides of tbe eosi' 
pies character of the masonry of a ^ Tanlt auif be 
ohtained from an inspection of fig. 10, which is reduced, 
by permission of Professor WilUs, from one of the 
plates accompanying liis valuable paper on the " Con- 
struction of the Yaults of the Middle Ages." in the 
first volume of the Transiictioiis of llie Royal Institute 
of Britisii Arcliitects. 

2G. Itibbed vaultiiiL,' was iut.vnduced into Italy in the 
thirteenth century, tlic church of St. Andrea di VercelU, 
in Piedmont, of iviiidi the first stone was laid A.D. 
1219, being tiic first exHmple of its use. , 

Although the pointed style attained to considerable 
perfection in Italy, the round forms of the Soman 
style of vaulting were never entirely superseded. In- 
deed, the greater part of the Italian ribbed vaults are 
merely pkin Taulta with tiba on the groins, and are, in 
mtuny ennplea, divided into «)iiipartnients, by the flat 
band of the earlier round vaultings, which in the ge- 
nuine Gothic became a moulded rib. There are many 
peculiarities in tho Italian ribbed vaults, which mark 
their distinct character, and show th;it the pointed style 
never became perfectly naturalized in Italy, We do 
not find in them either ridge ribs or Hemes, and even 
the vaulted roof of the cathedral of Milan is a plain 
ribbed vault, ornamented with painted tracery. 

27. In Germany and the Netherlands we find Heme 
vaults of very complex chsracter, some of them exhi- 
biting designs which would seem ts have been invented 
solely for the purpose of showinf the skill of the mason 
in overcoming the diffieuUy of their execution. The 
use of fan vaulting appeals to have been confined ex- 
clusively to our own eountiy. 

28. The prindpal authorities referred to in writing 
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tfaiB hntS sketch of the hiatoiy of ribbed vanlting are — ' 
tjie papez ViaSestar Willis b^bre referred to ; the 
work by tJie same aatbor, " Bemarka on the Arehitee- 
tnre <^ the Middle Ages, eqndaQy of Italy; " Archi- 
taettml Not«a on German Churehea," by the Rer. Dr. 
Whewell and Gaily Knight's " Ecelesiastical Archi- 
tecture of Italy," These valuable works cannot be too 
well studied by those who wish to obtain a clear insight 
into the principles of ribbed vaulting, as practised in 
our own and other countries. 

29. The abandonment of the principles of the ribbed 
vault, and the revival of soUd vaulting with elliptical 
groins, may be dated from the commencement of the 
15th century. In 1417 Brunelleschi brought forward 
bis plan for the erection of the celebrated CQpbla oTer 
tke crosui^* of the Duomo, at Florence, iririek was' 
ntuclj cwnj^ted at his death, which took place a.d. 
1444. Tkis magoificent cupola, which was the first 
great work of the revival, is buibi brickit like most 
a&KT Italiaii doMS ; it ^ octagotwl in plso, 13S ft. in 
fiameter, and 133 ft. in he^it, from the aprit^iDg of 
the vault to the base of the lantern. 

About the same time an Italian archilert bmit the 
still esisting Church of the Assumption, at Moseo\r, of 
which the vaults are of hewn stone, 

30. The It:ilian architects who flourished during the 
remainder of the lith century, followed classic models 
almost exclusively; and the revival of the colnmnar 
styles, and of tdie romd fbims o( ranlting, gradoally 
spread northwards, altbongb it was not until the middle 

• TliecnuMiyu UutFutofacrauiAuitli at tin iotEnectia •( tbe 
nKve ind ttasHpU. 
t Uocd vtitli muUM «f dUttreiit sOaaa, 
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of tlie sixteenth centurythat theprininples of the revival 
produced any decided effect on the architectore our 
own oountey.* 

31. The great masterpiece of the modem Italian 
style of vaulting is the dome of St. Peter's at Rome, 
139 ft. in diameter, built at the close of the sixteentli 
century, from the designs and instructions left for that 
purpose by Michel Angelo. 

This was only a few years after the completion, in 
England, of the exquisite vaulted roofs of King's Col- 
lege and Henry the Seventh's Chapel, before alluded to. 

The dome of St. Peter's exhibits an advanced know- 
ledge of the application of stone-cutting to domes, 
being executed of regular masonry; whilst the earlier 
domes and cupolas were built of bricks, hollow earthen- 
wue pots, pumice stone, and similar materials. It is, 
however, defective in design, from its form not bdng 
suited, to support the weight of the lantern, and partial 
failure has taken place. 

32. In the year 1568, a century after the'ereetion of 
the cnpola of the Dnomo, at Florence, and daring the 
building of St. Peter's, at Rome, Philibert De Lorme, a 
celebrated French architect, published a work on archi- 
tecture, which contains a complete system of lines for 
stone-cutting. This is the first published book which 
treats of masonic projection, all earlier writers being 
silent on the subject. 

In De Lorme's time, ribbed vaulting had fallen into 
disuse, and he speaks of Gothic vaults, and of the 

* He euten vindon of tbe ehoir it LidiGsId citbftdral ire filled 
nth itdned ^au, bnnight from Oermaiiy, the exeentton of vhieh difea 
■boot 1S30. The iTChiteGliiKi introduced in tbae p^ntingi u Of Italim 
diancteci irith colomnt, antdditniea, and other feitum of the leiim, 
nUeh had not then reached England. 



Digitized by GoOgle 



AST OF MASONRY. 



25 



methods practised for the adjustment of the curvatures 
of the ribs, elb belonging to a bygone age, considering 
the works of the Italian school to be the only ones 
worthy of the name of true architecture. Ac tlie same 
time he acknowledges the extraordinary mechanical 
skill displayed in their construction, wliich ;ippears, in 
lus eyes, to have been their chief merit. 

3.!. From De Liirmii's time to our own there is little 
wnrtli noticing in the history of the art. His work was 
followed by those of other French writers, who copied 
his constructions, and on the Continent the study of 
geometrical projection has always formed a prominent 
branch of the education of the architect. 

34: The admirable construction of the vaulted roof 
of St. Paul's cathedral attests the knowledge of the 
architect, and the mechanical skill of the workmen 
emphjyed in its constnidion. But, with the excep- 
tion of a treatise by Hal^nny, published a.d. 1725, 
we have no works of that date on stone- cutting, and 
indeed possess scarcely any Enghsh publications on 
the subject, except those published within the last feu- 
years, amongst which the works of Mr. Peter Nichol- 
son stand conspicuous for their completeness. Mean- 
while the principles of the construction of the mediieval 
ribbed vaults seem to have been completely forgotten, 
and so totally misunderstood, that both Halfpenny and 
Nicholson give methods, in their works, for construct- 
ing Gothic vaults, with diagonal ribs projected from 
the transverse rib by ordinates; a system which we 
have shown to be quite at variance with the genuine 
character of ribbed vaulting. 

* The dmie b( SL Piul'a is onl; b wooden coTerins ^Mti raand the 
bridt cone HappOTting the Unteni, ud ia merely a fHctoFeBqns bdditian to 
the stiDctdrB, not an euentiBl put of the eonitmction. 

C 
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3a. We now come to a new era in the history of the 
arch. About twenty years ago was introduced a new 
system af building arches, totally unpractised before in 
this country; we allude to the erection of oblique or 
skew bridges built in 'spiral courses. 

Oblique bridges seem to have been known on the 
Continent long be&re their introduction into this conn- 
try, and Vasari mentions one built over the river Mu- 
gnone, near Florence, as early as 1530*; but the art 
does not appear to have been generally understood; 
for, very recently, the Chevalier Mosca, whilst design- 
ing the stone bridge built by him over the Dora Ri- 
paria, near Turin, considered the erection of an ob- 
lique arch too hazardous an undertaking, and went to 
a heavy expense in forming new approaches, in order 
that the bridge sbould cross the river at right angles to 
the stream. 

36. In England the art of building oblique bridges 
axoae simultaneously with the development of the r^- 
way system. Before the introduction of railways, few 
bridges were built except for carrying common roads 
over rivers and canals, and such bridges were uniformly 
erected on a rectangular plan ; and, in cases where the 
directioQ of the road was not at right angles to the 
stream to be crossed, the approaches were turned as 
might be necessary to effect this. The speed of the 
locomotive engine rendered this arrangement quite inad- 

* Vasari. "Viledei Pin EceellentL Pitlori." Tircnzc, IjfiB. The cclilioii 
of 1550 contains no notice of tliis work. The bridge in queslioD naa built 
b; Nicolo, sumsmed 11 Tribolo, on the main road to Bolopa, outside Xhf. 
gate of San GiUo, at Flamiee, md leemi to have exdted much intentt 
at the timB otita erectioB. NodatailiBre giTcn of the prind^ea onirfaich 
it vas canatnict«d. . 
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missible to bridges erected for carrying railways across 
existing communicadons ; and accordingly, with Uie 
first introduction of locomotiTes, arose the necessity for 
constructing arches on oblique plans. 

37. Amongst the first stone skew bridges bnilt in this 
country of any size was one erected by Mr. John 
Storey, a.d. 1830, over the River Gaiinlcss,.near Dur- 
h;im, on the Haggar Leases Braiicli Railway, a mineral 
line joining the Stockton and Darlington Railway. The 
angle of this bridgp is 'AC- 54', the direct span 12 ft,, 
and the oblique span 42 ft., and it was at that time 
eoneidered a very bold undertaking. 

Other skew bridges were built about the same time 
on the Stockton and Darlington, the Liverpool and 
Manchester, and other railways; they soon became 
common, and their construction is now well understood. 

38. If an arch coold lie boilt in sncb a manner that 
the mortar joints shonld be as strong as the Tonssoirs 
themselves, it woald signify but littie in what direction 
the conraea are built ; and the construction of an oblique 
tcnh, built either of briek or nibble, offers no difficulty 
if the cementing material can be depended upon in this 
respect. But in building with common mortar, or in 
constructing arches of regular masonry, in which no 
dependence is placed on the adhesion of the cement, it 
becomes necessary to place the courses at right angles 
to the faces of the bridge, in order to bring the thrust of 
the arch in thn right direction, and to keep the obtuse 
quoins from shding outwards. 

It is this which constitutes tlic peculiarity of the 
oblique arch ; for the courses not being horizontal, their 
inchnation will be constantly varying, from the springing 
where it is least, to the crown, where it is greatest; and 
the accurate working of this twisi, as it is called, of the 
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beds, is the great practical problem to be soIt^ in the 
execnUon of skew masonry. 

39. The ordinary method of building a skew arch, Sg. 
11, plate 2, is to make it a portion of a hollow oylinder, 
tlie arch-stones being laid in parallel spiral courses, and 
tlioir beds worked in such a manner that in any section 
of the cyliiidcr perpendicular to its axis, the lines formed 
iiy their intersection with the plane of section 
radiate from the axis of tlie cyUnder. In tliis mode of 
construction tlie soffit of each atunc will lie n jiortion of 
a cylindrical surface, and the t«-ist of the beds ivill be 
uniform tliroughout the whole of the arch ; so that we 
have only to settle the amount of tbe twist, and the 
stones can then be worked with almost aa great iacility 
as the voussoirs of an ordinary arch. The beading 
joints, or those whi(^ divide tbe stones of each course, 
are portions of spirals intersecting at right an^es tbe 
coursing joints, or those which separate the courses, so 
that the voussoirs are rectangular on the soffit. The 
quoins, or voussoirs in the faces of the arch, are, how- 
ever, exceptions to this rule, for the following reason. 
If a heading spiral be drawn on tbe centerlnir of an 
arch, touching the extreme points of the imposts, it will 
lie partly within, and partly bcyoiid, the plane of the 
face. The heading joints, therefore, will not be parallel 
to the face-line, and all the quoins will differ more or 
less from a rectangular form. Another peculiarity of 
this mode of construction is, that the ju 

of the arch are not straight, but curved lines, whose 
chords will all radiate from a point below the axis of 
the cylinder, the distance increasing with the obbquity 
of tii# bridge. 

40. The merit of first explaining the constmction of 
the oblique arch is due to Mr. Peter Nicholson ; who, 
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in 1828, pablisbed his "Practical Treatise on Masonry 
and Stone-cntting," in which directions are given for 
worlting the voussoirs of a skew arch in spiral courses. 
This remained the only work on liio subject until ISM, 
when Mr. Charles Fox published a pamplilet On the 
Construction of Skew Arches," which enters into the 
subject very fully, and explains the mode of working 
the heds with twisting rules. This was followed in 
1839 by Mr. Buck's Treatise, in which the subject is 
handled with great deamesa and simplicity, and tri' 
gonometncal formnlee are given for obtaining the di- 
mensions of every part of a skew arch by calculation, 
instead of by geometrical oonBtmctions. In 1845, 
Mr. Barlow brought out a pamphlet, as a kind of 
seqnel to Mr. Buck's work, containing a diagram for 
obtwning, by measurement with the scale, most of the 
data required in the erection of oblique arches. The 
use of this diagram greatly facilitates the practical ap- 
plication of Mr. Buck's formulte. In 18.59, Mr. Peter 
Nicholson published his "Treatise on the Oblique 
Arch," which explains the subject very fully, though 
not with the conciseness and precision which charac- 
terizes Mr. Buck's work. It is, however, a very valu- 
able treatise; and, from the number of problems intro- 
duced, is well suited to be put into the hands of the 
student 

41. All the treatises above mentioned are written 
with one common object, vis. the construction of cylin- 
drical skew arches in spiral courses, with beds of uni- 
form twist radiating from the axis of the cylinder. It 
is scarcely necessary to remark that skew arches may 
be constructed in a variety of ways. Thus an ordinary 
skew arch, built as above described, is a semicircle, or 
some portion of a circle, on the square section, and 



Digitized by GoOgle 



30 



IIUDIMENTS OF THE 



elliptical on the face, which is an oblique section of a 
portion of a cylinder. But it is quite possible to make 
the square section elliptical ; in which case tlie face of 
the arch will present an elliptical curve, flatter than that 
of the square section. Again, instead of radiating the 
!>ed-jiiints from the centre of the cylinder, they may be 
made perpendicular to the curve of the sof&t on the 
oblique suction, as in fig. 12, plate 2, which certainly has 
a better appearance in the elevation of the face of the 
arch. Both the last-named methods, however, introduee 
more comi^xity in the irorking of the stone ; as the 
twiat of the beds will be constantly varying from the 
springing to the crown, and a great namber of twisting 
rules will be reqiured. So, again, the irr^ulority in die 
soffit plans of the face quoms may be doae away with 
by making the heading joints lie in planes parallel to 
the face of the arch (sec h^. 12, plate 2), which gives 
the Eof&t a very regular appearance, but weakens the 
vonssoirs by tnrowing ttieiti out of square; the acute 
angles being liable to be fractured by a very trifling set- 
tlement. 

In 183?, Mr. John Hart published a "Practical 
Treatise on the Construction of Oblique Arches," in 
which these methods are described, with many other^ 
which we need not here particularize. The peculiar 
features of Mr. Harfs system are shown in 6g. 12, 
plate 3, which is taken from the wc«k jnat mentioned. 

42. About the year 1838, Mr. A. I. Adie, then 
resident engineer on the Bolton and Preston Railway, 
executed several oblique bridges on that line, the cob.- 
atraction of which differs in many respects from the 
. methods above described. The construction of one of 
these bridges, viz. that over the Lancaster eanal, is 
shown in fig. 13, plate 3, which ie copied from the draw- 
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ings presented by Mr. Adie to the Institution of Civil 
Engineers, to accompany a paper on these bridges read 
ill session 1835, and is here published by permission of 
the Institution. Tlic peculiarity in tht design of this 
bridge consists in twisting the eoursing joiiits, so that 
they shall be perpendicular to ull sections of the soffit, 
rwade by planes parallel to the fLici; of tlio arcli. The 
result of this arrangement is, llial the courses aio not 
of uniform width, but diverge from the springing, where 
they are narrowest, to the crown, where they are widest. 
The aqoare section of the arch is elliptical, not circular, 
and the bed-joints are worked so as to be everywhere 
perpendicular to the curve of the soffit on the oblique 
' section. 

43. The object proposed by Mr. Adie in the arrange- 
ment here described was to bring the thrust of tbe arch 
completely parallel to the face, which can' only be 
accomplished approximately with spiral courses of uni- 
form width. But the curved plans of the stones at the 
springing, and llie difficulties winch arise m l.iie ma- 
nagement of tlic lace iOiiits, trorn ti:c stones nut being 
of one width, toim „reit rl, t u ks t it-^ , n^ral in- 
trod action . 

44. In the Batli viaduct on the Great Western 
Railway are two skew arches ot peculiar construction. 
These arches cross the public roads to the west ot the 
Bstb Station; they are four centered gothic arches, 
and are bnilt with conises diverging from the springing 
to the crown. 

45. We have gone to some length in our remarks on 
tiie different metjhods of conatmcting skew chea in 
order to indnce a carefdl study of the subject on the 
part of the reader. In ordinary cases the cylindrical 
fom ia the beat that can be adopted; but cases may 
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sometimes occur to which this is inapplicable, and the 
architect will then find it necessary to adapt the mode 
of construction to the necessities of the case. No 
specific rules can be laid down for the treatment of 
such cases ; but the student who has thoroughly mas- 
tered the principles of the subject will find no difficulty 
in applying them in any instance that may occor, 
however complicated. 



SECTION IL 

ON PROJECTION. 

WORKING DBAWINOB. 

46. As some of our readers may not be practically 
acquainted with the routine usually adopted in the 
erection of large buildings, it may be desirable to say 
a few words on the subject that the nature of the 
working drawings required by the mason may be fully 
explained. 

4'J. On receiving the designs and instmctions of the 
architect, the mason's first proceeding is to select a con- 
venient spot of ground for a stone-yard as near to the 
site of the works as practicable, and to erect his work- 
shops and the necessary machinery fgr lifdng the blocks, 
if the scale of the works be snch that they cannot be 
conveniently moved without mechanical aid. 

48. These preliminaries being arranged, the nest thing 
is to order the stone from the quarries that have been 
chosen ; and in order to determine the shapes and sizes 
of the blocks that mil be required, the mason prepiures 
from the designs of the arehitect a series of drawings 
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ou a large scale, on which he marks the heights of the 
several courses and the arrangement of the stones in 
each course, numbering all the stones that require to 
be worked to definite dimensions. He then makes a 
scbednle of the numbers and uzes of the blocks required, 
which is sent to the quarry. Each stone being dis- - 
tinguished by its proper number from the time it leaves 
the quarry to its finally resting in its appointed place 
in the building, no confusion will arise during the pro- 
gress of the -wprk, care being taken to number the 
blocks as nearly as possilile in the order in which they 
are to be set, as attention to this point saves much time 
and trouble in the execution of the work. 

-19, Whilst the blocks are being hewn at the quarry, 
the mason is busily engaged in preparing the rules and 
templets which will be required in dressing them to 
their exact shape. For this purpose he lays down on 
a large wooden floofj or platform, full-size plans and 
sections of the work, course by course, carefully mark- 
ing the joints according to the working drawings pre- 
vionsty made; and from the full-sise drawings the 
templets and bereb are made. Each templet is num- 
bered, to correspond with the number of the block to 
which it is to be applied, bo that no mistake shall occur 
from working a wrong block, and so wasting the stone. 
Where the forma of the stones are irregular, a duplicate 
set of templets is sent to the quarries in order that they 
may be roughly scrappled into shape by the quarry- 
man, which saves expense of carriage, and also much of 
the subsequent labour of the mason, 

50. It will be seen from the above brief outline how 
much depends upon the accuracy of the working draw- 
ings, and how important it is that a mason should be 
a thorough practical draughtsman. The large size of 
c 3 
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many vorMng drawiogB (as for in stance aa eler&tion of 
a churcb spire to an inch scale) rendm it (rftentimes 
neceasary to work on thatn piecemeal, as it were ; and 
great care and method are rcqoired in order to prod ace 
a correct drawing. - We propose, therefore, to give a 
few practical hints on the mant^ement of large draw- 
ings, under the following heads, viz. Materials, Instru- 
ments, Scales, Figuring, Copying, and Platform- work. 

51. Materials. — The best material for working draw- 
ing is stont drawing-paper moon ted on hnen, and well 
seasoned before rose. This is somewhat expensive, and 
for conamon purposes strong cartridge paper will suffice ; 
but on no account should unmounted paper be used for 
:Lny but lim most tcinpor;irj- purposes, as it is easilv 
torn, and is spoilt by a few hours' exposure in damp 
weather, whilst drawings on mounted paper will sustain 
no material injury during many months' rough usage 
in the workshop and on the scaffiild. 

52. Indian ink'i^ should be need tea the principal 
lines, red tind blue<colour being employed for centre 
lines, and for such lines of construction as it may be 
desirable to mark in a permanent manner. 

Common writing-ink should never l)e used,nor should 
any marks be made with it on a drawing, as the first 
sbowor of rain to wliidi it may be accidentaUy exposed 
causes the ink to run into ari ujiiiitdligible blot. 

5:S. It is desirable to avoid the use of colour and 
shading as much as possible, as the use of the brush 
causes the pE^er to shrink in those pvts where colour 
has been applied. Indeed, ^ctorial effect and delicacy 

*The ink tfaould be rubbed op freah erery Ume It li nud. Beginnen 
xnntbua, to tua tnitible^ content UtaatAm with adding water to ink 
vhjchhaibMnallavedtadtjMtberiKb. linn dnnniifiaitil* ink *t« 
not^, bat will imew wilb the tligUrat molature. 
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(rf finish are out of place in large working drawings, 
which should Tathv be executed with strong lines that 
will not be effaced by dirt or by the rough handling to 
which they are exposed; accuracy and neatness are all 
that is required. 

54. InslrummUg. — The principal drawing insinunents 
required by the mason are — the needle-pcunter, rilk' 
thread, the straight edge and aet-sqnare, lead-weights, 
common and beam compasses, the ruling pen, and a set 
of scales. 

55. The Needle-Pointer is simply a needle fixed in a 
aliort handle, the stump of a pencil for instance. It is 
used for marking points, which it does in a permanent 
manner and with greater accuracy than can be ol)taiiicd 
by the use of the point of a lead pencil. The pointer is 
also very useful as a rest to keep the straight-edge in 
'its place when drawing long lines; and for copying 
drawings by pricking through the principal points so as 
to form corresponding punctures on a sheet of pt^er 
placed under the original drawing. 

56. Xeorf-fTc^Ai* are uaefulforavariety of purposes; 
but their principal use is to keep the straight-edge 
steady whilst drawing long lines, or when working a 
set square against it. Some draughtsmen keep an 
assistant at their side when setting out the leading lines 
of large drawings ; but it is much more convenient 
to be quite independent of the assistance of others in 
those matters, and half-a-dozen heavy weights and 
a few pointers will often supply the place of an extra 
pair of hands. 

57. The Silk Thread is a reel of strong sewing silk, 
and is constantly in use for setting out and tes^g the 
accuracy of lines which are too long to be drawn witJi 
the straight edge at one operation. 
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58. The Straight Edge is one of the most important 
implements used in drawing, as everything depends 
upon its accuracjr. It should be made either of metal 
or of some tolerably hard wood of uniform texture. 
Wainscot and mahogany are objectionable materialsj 
liut pear-tree and sycamore answer very well. The 
best way of testing the accuracy of the straight-pdge is 
ro comiiarc three together by holding them up against 
the light, two liy two with their working edge in con- 
tact. If llie light can he seen through them, or if any 
one of the tlirec do not perfectly cohichle with tlie other 
two, tlie edges mast be eorrceted ag;iLu and again, until 
this degree of accuracy is obtained. 

59. The Set-Square requires tliG same degree of 
accuracy as the straight-edge ; and the straightness of 
its edges may be tested in the same way. To examine 
whether the angle contained by the working edges is 
exactly 90°, draw a strught line on a board, and set up 
a perpendicular to it by means of the set-square; then 
reverse the square, and if the edge, when reversed, 
exactly coincides with the perpendicular just drawn, 
the square may be considered correct. The Unes for 
a test of this kind should be cut on the board with a 
drawing-knife, as a pendl line is too coarse to be s 
satisfactory check. 

60. Both straight-edges and set-squares should be 
kept Jlal in a dry place. If hung up agunst a wall 
they will warp and soon became untrue. 

61. The Conipasaea are used for drawing circular 
curves. Two pairs are required, one for curves not ex- 
ceeding 8 in. radius, and another for larger curves up 
to 15 in. radius. 

There are many different constmcdons fd com- 
passes, each of which has some peculiar utvan- 



Digitized by GoOgle 



ABT OF UABONKT. 



37 



tage. The jr^ader may consult on this subject the 
"Treatise on Mathematical Inatruments" of this Series, 
where he will find en^vings and descriptions of all 
those in common uso. These instrnments are expen- 
sive, but no economy will result from baying inferior 
ones, which are worse than useless. 

62, Tlie curved rulers manufactured in Paris of thin 
veneer, and sold under the name of French curves, are 
very useful for drawing in between points previously 
determined small portions of elhptical or other curves, 
which cannot conveniently be struck from centres. 

63. The Beani-Compass is used for drawing circular 
curves from !a in. to 4 ft. or 5 ft. radius. It ia an ex- 
pensive instrument, but it is indispensable in making 
drawings on a small scale, in which the curved lines are 
very close together. See "Treatise on Mathematical 
Instruments" before referred to. For the purposes of 
working drawings, however, a very simple and excellent 
beam-compass may be made, aa shown in fig. 14. This 

Fy.lt. 



instrument consists of a dean pine lath l^in.wide,-^th 
thick, and about 5 ft. long. At one end is attached a 
thin piece of veneer with a nick in it, in which to rest 
the pen or pencil. A slip of drawing paper glued on 
the upper side of this rule keeps it from splitting, ajid, 
being carefully graduated, serves as a scale. 

To use this beam-compass a pointer ia passed through 
the lath into the drawing table at the proper distance 
from the rest, and the pen or pencil is placed in the 
nick. The only thing to be attended to in the con- 
struction of the instrument is to take care that the un- 
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derside of Ibe rest is raised soffieieiitly abofe Uie under- 
side of the mie, so as not to smeBr the lines disini with 
fliepen. The ^risions mitlie scak should be drawn in 
with curved Himb, having the nick for th^r cemnMm 
centre, hj which means the pointer can be set at 
pleasure in any part of the width of the wood. 

For setting out work on a platform, a lath with a 
brad-awl at each end, one as a centre, and the otiiflr to 
mark the curves with, forms a very good beam-compass. 

64. Si[i«(j)s.— When the radius of a curve exceeds 5 ft., 
it generally becomes necessary to describe it without 
making use of the centre ; and for this purpose sweeps, 
or curved rulers, are used, by means of which the curves 
arc drawn in between points previously ascertained by 
calculation. These sweeps are made of thin wood, on 
which the curve is first struck with the trammel as fol- 
lows :— Find by calculation or otherwise three points in 
the curve, the middle point being in the centre between 
the extreme ones or nwly so. Fix a pointer at each 
of the extreme points, and lay against them two straight- 
edges, so that thdr intersection shall coincide with the 
central point. Secure the stndgbt-«c^B in this position 
^th |i cross-piece, as shown in fig. 15, and the curve 




may then be drawn with a fine-pointed pencil placed at 
the intersection of the rules, the trammel being pressed 
steadily against the pointers whilst the curve is drawn. 
Take off the superfluous wood with a plane, and the 
sweep is ready for use. 

An instrument called a cyclograph, constructed on 
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this pria<»ide, is BOmetii,u:s u^od fui- drLuving ^rcs of 
circles^ Imt it is expensive; and the use of siveeps is 
preferable, if the length of tJte curve is mch tbat the 
wook eanaot be done 'without sliifting the instrument, 
as it is very difficult to make a ue^ junction between 
the diSiwent portions of the curve. 

A metiwd of calculating the position of a number of- 
ptuDts in ft curre of which the radius ifi known, will be 
found in art. 84, 

65. Scales. — Drawing scales are made of brass, 
ivory, box-vfood, and card-ljoard. They are divided 
ill a variety of ways, sonie being covered with divi- 
sions, whilst others are divided at the edge only. 
Those of tlie latter kind arc called plotting scales, and 
are preferable to the former, as, Hie dimensions can be 
pricked ofi" iit onci: on the p^per idung tlie ed^c uf the 
scale, whilst tlie others require tliem to ])e transferred 
from the scale to the paper with compasses, an opera- 
tioB which tends to deface the scale, and introducee a 
chance of error. Which it is well to avoid. 

The eng^e-divided eard-board scales, maRU&ctured 
by Holkz^iffBl uid Co., poBsess many adrmitdgeB, of 
which the principal ones are, their extreme accuracy 
and their low price. They are sold at 9«. the dozen ; 
and, although made of perishable material, will last 
many years. Bos-wood plotting-scales 13 in. long are 
usually sold at about 4s,, and ivory scales of the same 
length at about 10*. 

G6. Before commencing a large drawing, it is advisable 
to cut a strip from the edge of ihe paper, and ro make 
upon it a scale of the whole length of the intended 
drawing. The use of a scale ot this kind saves much 
time that would otherwise he spent in setting oft. and 
checking long dimensions uy^immerous applications oi 
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a comparatively short scale; anrl, the scale being kept 
rolled Bp with the drawing, will generally contract and 
expand with it, and thus obviate the perplexing diffi- 
cultiea which arise from the expansion and contraction 
of the paper from atmospheric changes. 

Independently, however, of the constant variation 
which is daily taking place with every change in the 
weather, all paper is subject, when worked upon, to a 
certain amount of permanent contraction, which must 
lie allowed for in making tlic paper scale. The amount 
of this correction in the scale must ilepend upun the 
seasoning the paper has received, and the texture of 
the paper itself, so that no precise rule can be given 
for it. During many years' observation of parish and 
railway plans, we have found it vary from j^r to 
and a mean between the two may be safely taken; 
that is, the length of each foot on the scale should be 
I'SOS ft. After a very few days' work, the warmtik of 
the hand will cause the paper to shrink to the correct 
length, or nearly so. 

67. Both box-wood and ivory scales are subject to 
expansion and contraction, but the amount of this is 
too trifiing to be taken into account. 

68. Standard Scale. — In order to ensure uniformity 
in the dimensions of a large building, every master 
mason should keep a standard metal scale very accu- 
rately divided, by ivliich all the scales used in making 
the working drawings, and the rods employed in set- 
ting out the work, should be carefully tested. Unless 
this is done, it is very difficult to keep the work exact, 
particularly in erecting bridges of large span. 

69. Centre linei. — On commencing a drawings two 
centre lines at right angles to each other should be 
drawn through the middle of the work, of the whole 
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leogth and breadth of the paper. Lines parallel to 
these should be drawn in pencil at regular distances, 
corresponding to some even division of the scale, divid- 
ing the paper into squares or rectangles of convenient 
size. The intersections of the lines should be punc- 
tured with a needle, and marked in faint colour thus +, 
after which the pencil lines may be nibbed out. 

This precauticii is of great use in keeping the work 
perfectly true and square, as the divisions are a com- 
plete check on the parallelism of the lines of the draw- 
ing, andj afford a ready means of drawing lines in a 
given direction, on any part of the paper, without the 
necessity of reference to the principal centre lines. 

They also are of great use in ascertaining the exact 
amount of contraction which the paper may undergo 
from time to time, and in checking the distances from 
the centre lines. 

70. Mgaring. — The manner in which working draw- 
ings are figured is of considerable importance. The 
horizontal dimensions should be referred to centre lines 
marked on the whole of the plans, and the positions of 
all the principal points should be obtained in the exe- 
cution of the work bj' direct reference to the centre 
lines, and not by measurement from intermediate points. 
This precaution confines any trifling error to the spot 
where it occnra, instead of its being carried forward 
through the work, as would otherwise be the case. To 
enable this to be readily done, two sets of dimenuons 
will be required: 1st, the dimensions from point to 
point; and 2ad, those from the principal points to the 
centre lines. If any clerical error be made in figuring 
any of the dimenrions, it can by this means also be 
detected and corrected, as every leading dimension is 
given once in gross, and can be also obttuned by addi- 



Digilized by GoOgle 



42 



RVDIUENTS OF THE 



tion ill two other ways. In spite of the utmost care 
errors will creep into the workiag drawings, and those 
who have lost valuable time through some apparently 
trivial mistake in a figure, can ap|Mreciate the advanttige 
of being able to correct mbtakes as irell as to detect 
them. 

71. EleratioBs and secdons should be figured on the 
snme printaplc as the |dans, vertical lines corresponding 
to the centre lines of the latter being marked upon 
them whenever fffacticsble.* 

The vertical be^hts should all ht referred to a com- 
mon datum line) which should ooiiunde, if possible, mth 
some leading line in the de^gn. In the execnti<m of 
the work, the height of the datum line should be per- 
manently marked by a stout stake driven firmly into 
the ground at the proper level. 

72. It generally happens in the execution of large 
works that their levels require to be determined with 
great precision. Before making the working drawings 
tlieriifore, it is always advisahlc to put down a perma- 
nent mark at the intended site, and to ascertain its 
height with reference to the levels of the proposed 
works. In figuring the elevations and sections, the 
position of the datum line with reference to this wxck 
mtut be accurately noted, and there will then be no 
difficulty when commencing operations in ascertaining 
the pn^r level at which to start the work. 

IS. Copying Drmeings. — ^To make a correct du|di- 
oate of a large drawing is a work of some difficulty. 
The most correct method is to draw the whole afresh 
to scale, hut this is very tedious. Two methods are in 
nse for abridging the labour of the draughtsman. One is 

* Tliiiigdoi>eaiiUieununptiantiiattbeiiTuki*intan«etedbjicTficd 
plloci puaiig thnragh tkc eantie Uaa <d Uie plaaa. 
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to lay the drawing over tlic bkuil; p^ipcr, r,;id to prick 
tlirough llie leading points ivilli \i nci-dli;. The copy is 
then easiiy Iine(5 in lictwocn tlie iioiiits lliiis furineci. 
The other nietliod is to place a sliect nf transparent 
paper over the drasvinj;, and hiiving senuved the two 
together, so as to prevent all possibility of tlieir shifting, 
the copy is drawn on the transparent paper. 

Both these methods possess the common defect of 
producing a copy of the original, not of exactly the 
same size, bat, froEo the shrinking of the paper, a little 
smaller, and in consequence the real scale Trill be less 
than the lyminal one. And this is not the only evil, 
for in a large drawing the contraction of the paper is 
often so irregular, that the straight lines become twisted 
more or less; and these irregularities becoming still 
more distorted in the copy, the latter is of little value. 
There is also great difficulty in pricking off a . large 
drawing with accuracy, as it is difficult to get the paper 
to he sufficiently flat for that purpose, 

74. The method the autiior would recommend is. first, 
to divide the blank paper into squares or reetanglea 
similar to those of the original : next, to make a care- 
ful tracing of the latter, marking the divisions of the 
squares: and. lastly, to lay this tracing on the blank 
paper, and to pnck it through, adjusting the work m 
each square to the new lines. By this means the 
erroTB of shrinkage and distortion will be corrected, 
and the copy, when quite finished, will be of exactly 
the same size as the onginal. The tracings, being 
carefuliv laid aside, will serve for any number of copies 
that may be required. 

75. Platform Work. — The laying down of the work 
to its full size on a phtform is done by methods pre- 
cisely Btnilar to those in use for making large drawings 
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on paper, except tliat all tJie instruments are on a larger 
scale, and that tl:e brad-awl and cliulk line talte the 
place of the needle and silk thread. Tn ensure accuracy 
and uniformity in the work, the rods used for setting 
oflf the dimensions shoold all be divided from the 
standard scale referred to in a previous article. 

Great care should be taken to render the platform 
perfecdy level and quite firm, so that there shall be 
DO cbance of any of the lines shifting their position. 

LINEAR DRAWING. 



76. To draw a strtaght Line between Iwo given 
jpotnia.— Insert a needle at each of the given points; 
press the straight-edge gently but firmly against them, 
and draw the line with the pan or the pencil held 
Hgainst the straight-edge, so as exactly to range with 
the centres of the needles. 

If the line to be drawn be of considerable length, say 
15 ft. or 20 ft., so that it cannot be drawn with the 
str^ght-edge at one operation, the silk thread must be 
used as follows : — 

Insert the needles at the extremities as before, and 
strain the silk tightly between them; pnncture the 
paper in the Une of the thread at short intervala, 
and draw the line in between the points thus founded 
as before. ^ 

This method should be always resorted to where ex- 
treme accuracy is required. A common but vicious 
mode of drawing long lines is to produce them with 
the straight-edge until they are of the required length ; 
but this method is not susceptible of vinute accuracy. 

77. To draw straight lAnet paraUel to a given ttrmgkt 
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£ine. — If the lines to be drawn da not exceed 2 ft. in 
length, they may be drawn by placing the working edge 
of a lai^e set-square to coincide with the given line, 
and fixing a straight-edge against the bottom of it, 
keeping it steady witli two needles and a weight or two 
if necessary. All the lines drawn with the set-square 
will of course be parallel to caeh other. If the lines to 
be drawn are parallel to either of the centre lines, nothing 
more will be required than to set the straight-edge to 
the nearest divisions of tlie paper. 

If the lines are very short, a small set-square and 
straight-edge may be used, the latter being steadied 
with the left hand, whilst the set-square is moved, and- 
the lines drawn with the right band. 

For short lines also, the^ parallel ruler is mnch used 
by profesdonal draughtsmen, but it requires a practised 
hand to ensure perfect accuracy in its use, and we have 
not, therefore, mentioned it previously. 

Long lines must be drawn with the straight-edge 
through points previously marked efT. Let it be re- 

stance, in making 
an elevation of a 
bridge, to draw a 
series of lines pa- 
rallel to the hne 
a b, fig. 16, which 
we will suppose 
to be 20 ft. long. 
Erect perpendiculars to a £ at such distances apart that 
the atrught-edge will extend over three divisions or more, 
and on these perpendiculars set off by scale the exact 
distances from a d at which the parallel lines are to be 
drawn. This is best done by setting off the distances 
on a strip of paper, and pricking them off on each per- 
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pendicular. The lines can then be drawn through the 
points tiius found with grent accuracy, as the slightest 
error in any part of a line is at once detected by re- 
ference to the more distant points. 

79. To divide a siraiylit Liiu: into a given Number of 
unequal Parts, which shall diminish in regular Pro- 
gression, and so that a given Division shall pass through 
a given Point. — Let a b, fig, 17, be the height of 
the pier of a bridge, which it is proposed to divide 



into eleven quoins, the top of the secontl quoin 
being required to coincide with c, tiie level of the 
springing of the arch. Assume any convenient point 
d, and join a d, c d, b d; take a slip of paper, divide 
its edge into eleven equal parts of convenient size, and 
slide it over the triangle until the zero, and the 2nd 
division, are respectively on the lines b d,cd, whilst the 
laat divieion is on the line a d. Prick off the points 
1, 3, 4, 5, 6, 1, 8, 9, 10, and draw lines throngh them, 
intersecting the line a b, whidi will then be divided as 
reqaired. 

The method of amnf^g the sizes of the conrses of 
a building, so that the first and last shall be of given 
heights, is pretusely simUsr. 



Fis. 17. 
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The above is a very convenient practictd rule, but 
can only be applied within certain limits. 

angles: 

79. To set off a right Angle. — There are three ways 
of doing this in common use. It may be done on asmall 
scale mechanicaily with a straight-edge and set-sqnare. 
On a large scale it may be performed by describing with 
beam-compasses a triangle, of which the sides are re- 
spectively as 3, 4, and 5 ; or by descril)ing two isosceles 
triangles on a common base, of whicli tiie centre is the 
point through whidi the perpendicular is to pass, see fig. 
18, plate 1 . This last method is the most perfect of the 
three, as the accuracy of the woric is at once checked 
by trying with a siIIe thread whether die vertices of the 
triai^les range with the centre of their common base. 

80. lb »el off an aaite AtigJe. — ^Thia may be done 
on a small scale by pricking off the angle from the edge 
of a protractor; bat this method is inapplicable to large 
drawings, as the sides of the angles would have to 
he produced fiom a line probably not exceeding a few 
inches in length. 

The best method of setting off an angle, of which the 
sides are of considerable length, is to describe with beam 
compasses an isosceles triangle of which the base and 
sides are respectively as the chord and radius of the angle. 
The length of the chord is obtained as follows : since the 
chord of any arc is double the sine of iialf the angle sub- 
tended by that arc, we can find the chord for any angle, 
by taking from a table of natural sines the sine of half 
that angle and doubling it.* Tables of natural sines are 
calculated for radius = 1, the length of the sines being 
given in decimals ; in plotting an angle by this means it 

• Insf ead of dtmilinff the sine, we may ase half the radius, which is a 
much Ampler ptea,Blthoiigh the principle i« not so imniedittelyappueiit. 
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is therefore necessary that the scale should be divided 
decimally, and that the radius chosen should be ten, or 
some multiple of that number. 

Example. — To set oft an angle of 70°, the sides to 
be not less than S ft. long. Look in the table for the 
natural sine of 35°, which is '5735764. The length of 
the chord will be twice this, or 1-Il7l528, Taking the 
radius in inches, the nearest convenient number will 
be 100, and accordingly the decimal point must be 
shifted two places, making the length of tiie chord 
114-71528 inches. 

It is always desirable in plotting angles, that the 
points found should be beyond the work, and not 
within it, so that there may be no necessity for pro- 
dadng their sides. 

81. An Obtvae Angle is plotted by prodndng one of 
the sides and setting off the supplement of the required 
angle. 

82. Measttrement of right-aagUd THdnglea. — In any 
right-angled triangle, if one side and one of the acute 
angles be given, the remaining sides can be readily 

found by calculation, with the help of a table of sines, 
cosines, secants, and tangents. We presume the reader 
to be familiar with the method of doing this, but it may 
be useful here to insert the formulte. 

In the right-ang||d triangle a be, £g. 19, plate 1. Z^t 
^ 0 fi c be the given angle — the £. bac will of conrse 
be its complement. 

1st, Let the hypothenuse a i he the giveg side. 

and side b c = a b X cos L a h c. 
3nd, Let the given side be one of those containing 
the right angle, as i c. 

then ude ab = h cY. sec I a b c 
and side ac = b c x tang z a b c< 
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If any two aides are given, the third side may be 
found arithmetically in the absence of a table of sines. 

If the hypothenuae be one of the given sides, then the 
side ac = ~J a ^—b c", and side bc=^/al^ — c'. 

If the two aides containing the right angle be ^ven, 
then side ab=^a<^+b<?. 

The solution of right-angled triangles is very ftdly 
explained in Mr. Heather's "Treatise on Mathematical 
Instruments," * to which we would refer the reader who 
is not femiliar with the subject : the foregoing cases are 
merely inserted here to assist the memory. 

83. Circular Curves. — The following problems will 
be found usefuL 

Given the Span and Rise cf a Circular Arc, to find 

the Radius, 

Let r = radius. 
s = half-span. 
V = rise, or versed sine. 

Thenr = !^. 

2w 

Demonstration (fig. 30, plate 1). — Let ade he the 
arc of which the radius is required: a b the half-span, 
and b d the rise, and let c be the centre of the circle. 

Join ac, dc, and ad's bisect ad in/ and join fe. 
The right-angled triangles, Sn(?j/crf,aresimilar,having 
the conAon angle fdc; 

therefore, bd : da -.-.fd i dc = ^ ^^f'^- 

■ "A TreatiiB on Uadiemtlie*] lurtmmeiila," in tha RndimenliiTT 
S 
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Q.E.D. 

84 . The Radius being given, to find the Lenffth of an 
Offset at any given Pmnt m a tangent Line. 

Let r = radius. 

t = distance on tangent line from the point of 

contact. 

0 = otFse6. 

Demonstration (fig. 21, plate 1).— Let a e be the 
given tangent, c the centre of the circle, and el> the 
offset, of which the length is required) Join ac, be, 
and draw fiif parallel, iHid,'by construction, equal to ae. 
Then eb = ad=ac-dc. 

Now, il c — \/ f //' — d h'' 

.-. e A = c- V '■ = - V''" - Q-E.D. 

85. In flcsigniiig large works it is often requisite to 
connect two straight lines by a circular curve. Before 
the oil;,i:ls can lie calculated for this purpose the fol- 
lowing data must be known, via. the angle formed by 
the lines to be connected, the radius of the curve, and 
the distance from the point of inte^ection to the points 
of contact. The first of these conditions is generally 
determined by ibe circumstances of the case : with re- 
gard to the second and third conditions, one *the two 
must be assumed and the other calculated from it. 

86. First Case.— 7Ke Dietance (if the Poi^a of Con- ■ 
tact from the Pmnt of Interaectum being given, to find 
the Radtja. 
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In the lines to be connected, let 6 and d (fig. 32, plate 
1) be the points of contact, which will necesaarily he 
equidistant from the point of intersection. 

Joinbd; bisect it at e, and jnn Be; then 

radius = 

Demonstration. — Let c be tbe centre of the circle; 
join be and ec. The right-angled triangles abe and 
aeb are similar, having the angle bac common to 
both; 



.'. ae : he ab I be 




-' Q.E.D. 



The construction made nse of in the above problem 
is useful for determining the radius of curvature of a 
wing- wall of a bridge. 

Thus (fig. 23, plate 1), let dfhe the front of the 
bridge, d the point at which the curve is to com- 
mence, and fi the point at which the wing-wall is to 
end. Join bd; bisect it at e, and erect the perpen- 
dicnlar ea cutdng tf/ produced in a; join ab, and cal- 
culate tbe radius as above. 

87. Second Case. — TTie Sadiiu being given, to find' 
the Distance the Pointe of Contact from the Point 
Intersection. 

To do this, assume any approximate points, as b,df 
(fig. 24, plate I), and lind tlie corresponding radios bi Ci, 
Let r = given radius = be, 
r, — assumed radius = bi c„ 
tf^ required length on tangent Jine =ab, 
t, = assumed length on tangent Une = tti bu 
then, r,:t{::rtt = AT. 

88. To find the length of a C^cularArc.-~-lt the radisa 

d2 
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is not known, it may be fonnd as described in art. S3. 
Let abe (fig. 25, plate 1) be a portion of the circumfe- 
rence of a circle, of which the radiiis=r. Assume any 
convenient angle, as acb, and calculate its ciiord as in 
art. 80. Set it off on t!ie curve with tjeam-coni passes, 
and measure the remaiudcr, be, as a straight line, wliich 
may be done without sensible erroi-, l>y a'isuuiiTig such 
an angle as will leave a very small ryniaiiider. 

The semi-circumference of a circle is equal to radius 
X3-1416; the xrirth part, or that corresponding to a 
single degree, is therefore equal to radius x '017453. 
If we call n the number of degrees in any angle, acb, 
we have for finding the length of any arc, a b, the simple 
formula: length of arc = nr x '017453. 

Example. — Let r = 134 ft. On examination let it be 
found, that the number of degrees which will give the 
smallest' remainder is 70. The length of the arc, a b, 
will therefore be 70 x 134 ft. x •Ol7453=16S-70914ft.; 
to which must be added the remainder, he, the sum of 
the two making tip the whole length of the arc abe. 

89. This problem is of great service in ascertaining 
the leiigth on soffit of an arch of known span and rise, 
either for the purpose of dividing the arch-stones, or 
for laying down a development of the soffit. 

Its converse is equally useful in setting off on a cir- 
cular arc, a distance equal to a given straight line. 
Let it be required on the curve abe (fig. lb, plate 1) to 
set off a portion, ae, that shall be equal to a given 
straight line, say 164 ft. long. 

Let the radius of the curve be 134 ft. as before, then 

l ' S4 x^^l"^''3 ~ Rejecting the decimals, 

find the c^ord of 70^, which fiir radius = 134 ft. ia 
153-718 ft.; and the length of the arc «&= 163-709 ft. 
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Deducting this last quantity from 164 ft., we find the 
remainder be = -291 ft. 

To set off the required distance on the curve, set off 
the chord o J = 153-7I8 ft., with beam -compasses, and 
from i set off be = -291 ft; the length of tiie axeabe 
will be 164 ft., as required. 

90. It is often necessary to transfer the divisions of 
the arch-sCones from the developraent to the elevation 
of an arch. The best way of doing this is to set them 
off from the development on a long lath, and to bend 
the latter round the curve in the elevation, to which the 
divisions can dien be readily transferred. This method 
confines any little inaccuracy to the joint where it occurs j 
but if it be attempted to set off the joints stone by stone 
with compasses, great di£Bcnlty will be esperienced in 
making the minute allowance which is necessary for the 
difference between the length of the curve included 
between two joints and the corresponding chord, which 
is the distance to which the compasses must be set. 

91. Method of dcstrif/iiiff an EUipsc. — On a small 
scale, and where it is desirable to avciid di;fac:ing the 
paper with the poitits of the compasses,— as, for example, 
ill drawing the coping of a curved wing-wall, — the sim- 
plest mode of proceeding is to find a number of points 
in the curve, and to connect them by means of a curved 
ruler, the edges of which are cut into a continuous series 
of curves of different radii. 

Any number of points in an ellipse may be found as 
follows : — Let af, ef (fig. 26, plate 1) be the respective 
semi-diamet«rs of the ellipse. With/ as a centre and 
a/ and e/as radii, describe two quadrants. Divide the 
larger quadrant into any convenient number of divisions, 
as 1, 3, 3, and draw the lines 1 1,/, 2 2,/, 3 3,/,cutting 
the lesser quadrant at li, 2i, 3i. From the points 1 and 
li, draw liaes parallel to the diameters cutting each 
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Other at b, then b will be a point in the eliipse. In a 
similar manner will be found the points c and d. 

92. When an ellipse has to be drawn on a large scale, 
the best way Is to strike it from centres ; and, although 
this is only an approximation, no portion of an elUpse 
being a circular curve, no appreciable error will result if 
a aufiiGient number of centres be t^ken. 

The following method is very simple. Having found 
a number of points in the curve, as b, c, d, draw the 
chords ab,be,cd, de. Bisect with a perpendicular 
cotting/e produced in g; then g will be the centre far 
the portion of the curve between e and d. Join dg and 
bisect ed with a perpendicular cutting dg m h; tiiea 
A will be the centre, for the portion of the cnrve between 
G and d. The centres i and k are found in a nmilar 
manner. 

93. To setoutan ellipse on a platform; whenthescale 
is such that the operation must be performed without 
making use of centres, we must proceed rather differently. 

Divide the right angle contained between the two 
semi- diameters into any convenient number of angles, as 
a/1, af2, a/3 (fig. 2?, plate 1), and multiply their re- 
spective sines and cosines, the former by radius e f, and 
the latter by radius a f. This will enable us to lay down 
the points b, c, d, by means of offsets from the diame- 
ter^ as shown in tbe figure. 

The curves ed,dc, &c., must be drawn in with curved 
rules, made as directed in article 64. 

To find the radii, draw the chords ed, dc, &c.i bisect 
the angles formed by their intersei^ons with short lines 
as shown in the figure. On these bisection lines, let 
fall perpendiculars, as c^,, cc„ &c.,andthe several radii 
can then be calculated as in article 83. 

94. An ellipse of moderate size can also be struck on 
a platform, from the foci, as follows: — 
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From e as a centre (fig. 28, plate 1), with radius a f, 
describe arcs cutting a a in mi, /, which will be the foci 
of the elhpse. Put in a brad-awl at each of the foci, 
and round them pass an endless rord of such length 
that, when strained tighr, it v ill just rcacli liic |)uint e. 
The curve may then be drawn in with a brad-awl or a 
drawmg knife pressed &rmty ag^nst the cord. 

This is a very expeditious method; but it requires 
considerablB management to produce an even line, ai}d 
is not susceptible of mimite accuracy. The practical 
diffionlty arises from the elastitdty (rf the cord. 

95. To draw a Lmi perpendicular to the Grc«mfe- 
rence of an Ellipse at any Point, as n (fig. 28, plate 1), 
— Join ma, nl: a line bisecting the angle mnl will be 
perpendicular to the curve at n. 

This problem is required in drawing the joints in the 
elevation of an elliptical archJ 

96. ^iral Curves. — In making drawings of oblique 
bridges, numerous projections of spiral lines have to be 
drawn ; and it is of importance that this should be done 
witii great exactness. The best method of accomplisli- 
ing this, is to make a very accurate template for each 
set of curves in cardboard or veneer, vhicb will ensure 
perfect anifonnity in the work, and also save much of 
the draughtsman's time. - 

97' Principle* of Pnjectvm. — The working drawings 
of the mason may be classed under two beads : — First, 
geometrical projections; and, secondly, developments of 
surfaces. The geometrical projections arc always made 
on either horizontal or vertical planes; the drawing 
being called in the first case a plan, and in the second 
case an elevation. When the plane of proj^ion cuts 
the object represented Id a vertical direction, tlie draw- 
ing is called a sectional elevation, or, in brie^ a section. 
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It will be observed that most plans of buildings are, 
in fact, horizontal sections, but the term is technically 
apphed to vertical projections only. Developments are 
representations of the surfaces of solids, as they ivould 
appear if unwrapped and laid flat, and are made use of 
to' obtain the dimensions of surfaces which, from their 
inclined position, become foreshortened both in plan and 
section; and for the delineation of curved surfaces, which 
cannot be accurately represented in any other manner. 

The nature of plans and elevations may be clearly 
understood by consideiing them as perspective projec- 
tions on a sphere of infinite radius of which the centre 
is the point of sight. 

98. The following properties of geometrical projec- 
tions should be kept in mind. 

Line*.— All horizontal lines will be represented of 
their true length and curvature on plan. 

All vertical straiglit lines will be represented of thar 
true length in elevation. 

All lines inclined to the horizon will he more or less 
foreshortened in plan. 

99. The length of any inclined straight line may be 
obtuned fcom the plan and elevation by a simple 
construction. Thus to find the length of the arrises of 
a square pyramid : let ac (fig; 29, platel) be the vertical 
height of the pyramid, and c 6 the half-diagonal of the 
base ; then the required length a d is the hypothennse of 
the r^ht-an^d triiui^e acb, and can be formed by 
constructing the triangle and measuring thebypothennse, 
or by calculation, since ab = <y ac* + bt?. 

100. Surfaces. — Horizontal planes will be represented 
by identical figures on plan, and by straight lines in ele- 
vation. ' Thus the plan of a circle parallel to the horizon 
will be a drcle, and its elevation will be a straight line ; 
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if inclined to the Iionzon, its phui will an ellipse in 
all positions except the vertical, when its plan will be a 
straight line, and its elevation a circle, a straight line or 
an ellipse, according to the position of the plane of 
elevation. 

101. SoHda. — Thti plan of a right cone standing on 
its base will be a drcle, and its elevation a triangle. 

The plan Of a right cylinder, similarly placed, will be 
a turcle, and its elevation a rectangle. 

TTie plan and elevation of a sphere will always be 
drdes. 

Figa. 30, 31, 32, 33, and 34, esplain the manner of 
projecting the plan and elevation of the prism, pyni- 
mid, cone, cylinder, and sphere. 



lig. 80. Fif. 31. 




S3 
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102. ;^>c/iii».9.— Tlic follow- 
ing properties of the cone, cy- 
^ Itnijer, and sphere, should be 
borne in mind : — 

Every plane section of a cone 
perpendicular to its axis will be 
a ctrde. 

Every plane section of a cone 
■'■ passing through the vertex and 
the base will be an isosceles 
triangle. 

Every plane section of a cone cutting its asis at an 
acute angle, greater than that made by the slant side, 
will he an ellipse, or a segment of one. 

Every plane section of a cylinder parallel to its axis 
ivill be a rectangle. 

Every plane section ofa cylinder perpendicular to its 
asis will be a circle. 4 

Every plane section of a cylinder cutting the axis 
obliquely will be an ellipse, or a segment of one. 

Every plane section of a sphere will be a circle. 

103, The sections above enumerated can be pro- 
jected in any position with very few Unes; the projec- 
tion of an ellipse being always either a straight line, a 
circle, or an ellipse, and the only data required for 
drawing the latter figure are the lengths of the major 
and minor axes. There are however many other 
curves, such as those formed by the intersection of 
two curved surfaces, which are not so easily described, 
and which require a considerable amount of projection, 
and transference of lines, in order to represent them 

104. Deueiop'mcntx . — The cvirved surfaces of solids 
may be classed under two heads ; 1st, those with which 
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a •Cn^bt>edge will coincide in one direction, as the 
■nr&ces of the cone and cylinder ; and 2nd, those vith 
irtiiah a stnuglrt-edge will not coinci4e in any diieo- 
tioD, as the 8ui£ace of a sphere. The former are some- 
timea called cnrved pUnea, and thrat development in 
the case of the cone and the cj^mder,* is very simple. 
The latter can only be .devdoped ^iproximately, be- 
cause it is impossible to bend a plane, so as to coincide 
with a spherical, surface. 

105. The developLiieut of the curved surface of a 
right cone will be a sectur of a circle, whose radius is 
the slant height of the cone ; the length of the arc 
being equal to tiie drcuiiifusnce of the base of the 
cone J see fig. 36. 




JF^. 3S. Fig. 3t. 



106. The denlopment of the curved surface of a 
right cylinder will be a rectangle, whose length is the 
axial length of the cylinder, and -whose width equals 
the circumference of its base; see fig. 36. 

* Wiadiag snrfscei cannot be deieloped even ■ppiudniM;, Hag 
comex in one dinetion, md coocne in the oppoute. 
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lOJ. The surface of a sphere may. be developed 
approximately in three different ways ; 1st, it may 
be considered as a polyhedron, of which each side will 
be a plane surface ; 2nd, it may be divided into gores 
like the gores of a balloon, in ivhich case each gore 
will be a portion of a ■cyUndrical surface ; lastly, it may 
be divided into zones, each of which may be treated as 
a portion of a conical surface. This last method is the 
one most practically useful, and will be understood by 
inspection of £g. 57, plate 4. 

FBOJBCTIONB OF THE CONE. 

108. The several projections of die cone which we 
are about to describe are principally required by the 
mason in tbe execution of battering waUa, on a curved 
plan, wbich form portions <^ hollow cones. The pro- 
jections and development of a right cone have been 
exphdned above, in arts. 101 and 105. 

109. To draw the Projeclions of an inverted Cone 
Jhm which an oblige Frustum has been removeit — 
In fig. 38, plate 4, side elevation, let bde be the inverted 
cone, and b d m the frustum removed. Bisect 6 wi in 
n, and through the point n draw e, n o b, parallel to 
the base, and cutting the axis of the ccne at e,. Draw 
b b, parallel to the axis of the cone, cutting e, n o b, in 
J„ and making e, b, equal to c i, the radius of the base. 
It may be easily siunvn tliat J!, = 0 b,. In the plan 
draw the diameters bed and a e c perpendicular to 
each other, so that all straight lines drawn on the plane 
of intersection, parallel to a e c, shall be horizontal. 
Set oS enyb 0 respectively eqiul to ei r, o ft, in side 
elevation. With radios e o, and centre e, describe the 
quadrant ogr, and through n draw png parallel to 
a c, cutting the axco qr inq, and make np = qn. 
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Set off nm = nb; thenfiniand i^^vill be respec- 
tively: the major and minor axes of the ellipse, which is 
the horiztmtal projection of the oblique section of the 
cone. 

Since by construction nh = eq, the length of the 
semi-axis minor = ^ni* — ei^. In ordinary cases, 
the difference of the lengths of the major and minor 
axes is so small, that the quarter ellipse may be drawn 
mthont senuble error, as a circular curve, with radios 
» b and centre on qp, removed from n by the differ- 
ence between the semi-axes. 

1 10. It will be seen 
by inspection of fig. 

"LOKWi-iSE 39 that in building a 
curved wiiig-ivall, ter- 
minating in a pier as 
there shown, the hori- 
zontal distance b n {fig. 
39) should not exceed 
i n in fig. 38, plate 4 : 
or the coping would 
. have a very unpleadng 
appearance, as shown 
■_ST s.rnc. in fig. 40. 

111. When the plan 
of the coping is less 
than a quarter ellipse, 
the side of the pier 
must be made square 
with a tangent to the 
ellipse at the point of 
intersection with the 




wing-wall. 

112. To draw the front Elevation. — Set off 6»i 



--bb' 
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in side elevation, and wnt = in. Through n draw 
g tip parallel to a c, and set otF n 9 = n 9 in plan ; and 
= ng. Then g p,bm are reapeotively the major 
and minor axes of the ellipse bgmp, vhicli is the ver- 
tical projectian of tlie oblique section of the cone. 

113. In drawing curved wing-walls to support an 
embanked approach to a bridge, the data g^ven or as- 
sumed are the height b 6, ; the inclination of the slope 
of the bank, which should coincide witli that of the top 
of the wall ;* and the batter or blop(! of tlic fnc^e of 
the wall. As we have often found beginners to be very 
much at a loss how to draw the plan and elevation of 
such a wall without covering the paper with unneces- 
sary lines, we snbjoin an exaaiple. 



Flj/.tl. 




• The cnping of a wing-ivsll is aoraclinies made to itand up aione the 
slope of tfii' l ank. <,u'. Uiii hai an anliward appuiancft, To nuke the top 
of the V. .ill till II. a ■pii-al [ilani', as refoinmcnded in " Nicholsoo'i Ihrilirar 
MMonri, ' ]^ iiiirlij|>= ilic ivorat plan that aa be kdopted as the copii^ 
ii not parallel to ILc slope of the bank. 
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To avoid confusing the diRgram the coping of the 
wall is omitted. 
Let hb, = 12 ft. 

Let the slope of the top of the vail be 1^ horizontal 

to 1 vertical. 

Let the batter of the face of the wall be 1 horisontal 
to 6' vertical. 

Then « o 6, = 12 ft.' X U = 18 ft. 
and e « = o fi, = V' ft- = 2 ft. 

Transfer these dimensions to the plan, 
n 6 = e 0 = e ? = 18 ft. 
gn = s/'nl'—e = V324— 4= 17-88 ft. 

The plan of the front line of the top of the \rall will 
therefore be a quarter ellipse, whose semi-diameters are 
respectively 18 ft. and 17-88 ft. 

The Front Ekvaiim of the front line of the top of 
the wall wiU be a quarter ellipse, of wliicii the semi- 
diameters are respectively 12 ft. and l/'SS ft. 

114. Devdopmmt of the Cone. — Divitle t.lie cirouni- 
ference of the hnse into any convenient numlicr of equal 
parts as shown in the plan (fig. 38, p]ate4) by the points 
ffff, h, &c., and transfer these divisions to the side eleva- 
tion. From the new points thus found draw lines radi- 
ating to the apex of the cone, cutting int in fi,g,,ki, &c. 
Throi^h /u gi, &c, draw lines parallel to the base, 
and cnt^g the sides oi tbe cone. Having drawn tiie 
development of the slimt surface of the cone, divide tbe 
arc h d bta correspond with the divisions of tbe base in 
plan, and draw the radiating lines/ e, g e,h e, Sec, cor- 
responding to the radiating lines in the side elevation. 

From the points found on the slant side of the cone, 
with e as a centre, draw circular arcs cutting the radia- 
ting lincs/e,i, e, h e, &c., in /„ g„ h„ &x. A curve 
drawn througli these last points will be the develop- 
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ment of the line bonnding the oblique section of the 
cone. 

The oblique section of the cone will form an ellipse, 
whose major ssia = bm in the side elevation, an'd 
whose minor axis — gp in the plan. 

115. To project the lAnes of the Coping a emved 
Wing- Wall,- — The coping of a curved wing-wall is 
worlted in such a way tliat its bed shall he every- 
where level in a direction perpendicular to the curve 



coping with the pier will Aot be a level line, the front 
of the coping being higher than the back, which would 

have a most -unsightly appearance. 

IIG. If the top of the wall be worked as above de- 
scribed, the front and back edges will lie in planes* of 
different inclinations, intersecting each other on the line 
(J n. It is usual to make the back of the wall coincide 
will the slope of the bank. The front line will there- 
fore he found in side elevation, without any transference 
of lines, by setting off the width of the top of the wall 

* If IbeflrmtuulbiclEedgeiof the top of the will ire mnde toliein 
^Bm, w 11 io be repceiaited In dde derMion* b; itraight Unit, ill level 
lhieimtliec(^SbediHilllieeomd,Midiiotitn^ght| bnt (be cnmture 
it too amill to be meuored in m ihort ■ dlitince, ind cwmat be diitin- 
gidibed from i itnig^t line. 




Fig. 42. 



of the wall. Thus, fig. 42, 
any number of lines, as 1, 
2, 3, drawn perpendicular to 
the curvu of the wall, will 
be horizoiUal iinos. If the 



coping l)cd were made level 
in the direction of the centre 
of the cone, as shown by 
tbe line e 9, it is evident 
that the interseclian of the 
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from the top of the slope as shown in fig. 41, and draw- 
ing a straight line from the point thus found to n. In 
front elevation all the lines of the coping will be ellip- 
tical curves. 

117. It may be necessary to remark that the top and 
bottom, hnes of the coping in side elevation will not he 
parallel to each other. This arises from the thickness 
being set off at the top in a vertical, and at the bottom 
in an inclined direction, so that the lines will diverge 
from the top downwards. (See fig, 41.) 

118. latcrscction of a Cone and a Cy!hid<.T (fig. 
plate 4). — This is a problem of not unfrequent occur- 
rence, as in the case of a cylindrical culvert passing 
through the curved wing-Wfdl of k bridge. In a dia- 
gram here ^ven die axes of the cone and cylinder are 
made to intersect each other at r^ht angles. 

In front elevation the projection of the intersection 
of the cylinder with the slant surfoce of the cone, will 
be a circle. Draw two diameters, the one parallel to 
the base, the other to the axis of the cone. Divide the 
circumference of the circle into any convenient num- 
ber of equal parts, as 16. Divide one of the diameters 
into 8 parts by perpendiculars drawn through the divi- 
sions on the circumference, and transfer these divisions 
to tlie axis of the cone in side elavation, as shown at a,, 
b.j c„ Tlirough thcsf! points drnw lines parallel to 

the base, and cutting the slant side of tlicconein 1,2,3, 
&C, Transfer Uic divisions on the diameter of the 
cylinder to the diameter a c in plan, and through the 
points thus found draw the perpendiculars a a„ b b„ &o. 
Draw the diameter bed at right angles to a e c, and set 
off on-ed the divisions el, e2, &c., respectively e^lial 
to the corresponding lengths 1 a„ 2b„ &c., in the side 
elevation. Through the points thus found, with centre e. 
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draw drcnUr arcs cutting pcrpendioulais just drawn 

in a, b, c, d, &c. A cnrre traced through these points 
will be the plan o( the curve formed by the intersection 
of the cone and cylinder. 

In side elevation make o Oj, i i., &o.) respediTely 
equal to a a„b b,c Stc, m plan ; and a hne drawn 
through the points a, b, c, d, &c., will be the side ele- 
vation of the curve of intersection. 

The development of the curve of intersection on the 
surface of the cone is found by transferring the distances 
em, e 1, e 2, &c., on the slant side of the cone, in tlie side 
elevation, to the corresponding line in the deveiopmeat, 
and through tlie points thus formed drawing with the 
centre e, circular arcs, a q, bp, c o, &c,, respectively 
equal to the corresponding arcs, a q,bp, &c., in plan. 

To £nd the develc^nnent of the surfece of the c jlinder 
draw the straight line m, m,, equal to the dronmfer- 
ence of the right section of the cylinder, and divide it 
into the same number of equal divisions. At the points 
o„ by, c„ &c., thus found, erect perpendiculars, a„ a, b, 6, 
Ci c, &c., respectively equal to the corresponding lines, 
a, a, b, b, &c., in the side elevation. The curved line 
ma be, &c., drawn through the points thus found, mil 
be the development of the curve of intersection in the 
surface of the cylinder. 

PROJECTIONS OF THE CYLINDER. 

119. The projections and development of the cylinder 
have been already described in arts. 101 and 106 ; bat 
as it is of great importance that the subject shonld be 
thilougbly nnderatood, we return to it agun, for the 
purpose of explaining the natuie of spiral Uues, and die 
manner of projecting thein. 
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120. In the diagram (fig. 43, plate 5) tlie right cylin- 
der is supposed to be in a horizontal position, in order 
that the application of the projections here described 
to the eanstriietion of vaults and arches may be more 
clearly understood. 

The tlevations of the ends of the riglit cylinder, 
A B c D, fig. ■13, plate 5, will be circles exactly coin- 
ciding with the square sections. The plan will he a 
rectangle, and the development, b a b c d c, will also 
be a rectangle, whose width, b a b, = circumference 
of the circle formed by the square section. 

121. If the cylinder be cut obliquely by a plane 
surface, as shovni by the line e b on plan, the resulting 
section will he an ellipse, whose major axis = b b, and 
whose minor axis = diameter of the cylinder. 

The development of the curve of the oblique section 
is found as follows: — Divide the circumference of the 
square section into any convenient number of parts, as 
sixteen. Divide the width of the development in the 
same manner as shown at 1, 2, 3, &c. Transfer the 
divisions on one-half of the square section to the plan, as 
shown atcl234aG7u- Through the points thus 
found, draw lines parallel to the axis ol" the cylinder 
cutting the line B B at (i i (? d e _/'//. Tlirougli llii; points 
1 2 3 4 5, &C., in the development, draw lines 1 a, 2 
3 c, &c., parallel to the side of the cylinder, and re- 
spectively equal to the lines 1 a, 2 d, 3 c, &c., in plan. 
A curve drawn through the points abed, &c., will be 
the development of the curve of the oblique section. 

122. If we draw on the development any straight 
line in an oblique direction, as c e b, this line, when 
wrapped round the surfoce of the cylinder, will foi^ a 
^iral tine whose inclination to the base of the latter 
will be uniform throughout its whole extent 
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123. In building cylindrical srches on an oblique 
plan in spiral coursea, the lines of the coorsiiig joints 
are called coursmg spirals; and those drawn perpen- 
dicular to them, for the purpose of determining tlie 
position of the heading joints, are called heading spiralg, 

124. Let it be required to project a spiral, as c b b, 
which makes one reTolution in the length c b. Having 
divided the plan and development, to correspond with 
the divisions on the circumference of the square section 

before described, join c b, and this line will be the 
development of the spiral c b b. 

Make the lengths 1 a.,, 2 b„ 3 Cj, &c., on plan, re- 
spectively equal to the lengths 1 a,, 2 b^, 3 C;, &c. on 
tlie development. A curved line drawn, through tlie 
points Qi, &c., mil be the horizontal projection of the 
spiral c B B. 

125. In the Elevation of the Face of an oblique 
cylindrical ArfA, to draw the spiral lAnes in the So^t, 
as, for exan^le, the headijig Spiral b a, Ci d e,f, jfi b 
tn the Plan. — ^The plan and development of the spiral are 
found as above described. Draw e b = e b in plan. 
Bisect it in d„ and on e d, b, with d, as a centre, draw the 
square seetion of the arch,divide it into eight equal parts, 
as before done to obtain the development of the cylinder, 
and through the opposite divisions, I 7, 2 6, 3 5, draw 
lines parallel to b b. From the points a,. b„ f,, Slc, in 
plan, let fall perpendiculars on v. h, and tiLiiisfer the 
points thus formed to E B in elevatiois, Er(_'i:t perpen- 
diculars at these points, cutting the lines 1 7, - 'i, 3 5, in 
«!, 6i, c„ &c., and a line drawn tlirougli tlii^ss; points 
will be the elevation of the spiral projected on a plane 
p4hlelto that of the face of the arch. The elevation 
of a coursing spiral is obtained in the same way. 

126. To draw an oblique semi-cylindHcal Ars^ with 
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acurved Fiice(^.ii,^B.te 6).— •Draw the square section 
and divide the soffit into any convenient number of equal 

parts, as eight. Transfer these divisions to the plan, as 
shown in the diagram ; and through the points 1, 2, 3,4, 
5, 6, 7, draw lines parallel to the springing lines of the 
arch a a„ i i„ cutting the face of the arch at b c d ef g h. 
To develop the soffit, draw i, a, = the length of the 
soffit on the square section ; and, having divided it into 
the same number of equal parts, set up the perpen- 
diculars, 7i i, 7 'i, G 5yi &c., rcsiiectively equal to i, i, 
1 h,fig, on plan. A curve drawn through i h gfe, 
&c., will be tlie development of the front line of the 

To develop the face, draw ai = at in plan, and set off 
a 1, 1 2, 3 3, &c., respectively equal io ab, be, c d, Sic. 
Erect the perpendiculars lb, 2C)3d, &c., respectively 
equal to the heights lb„2ci,3 d, in the sqoare section, 
and a cnrve drawn through abode, &c., will be the 
develonment of the face of the nreb. 

Cases simdar to. that here ziven are not of frequent 
occurrence, but they are sometimes unavoidable, as in 
buildinff a skew culvert in the face of a curved wing- 
wall. 

1 /; ; f Ih jl I 1 I —11 
reader who has carefullv studied the prccedinir pa^es 
wdl find little ditiiualtv in applvin- the prinriples of 
p J t t tb d 1 t II f 
lindrical surfaces. We shall therefore, in the follow- 
ing examples of the intersections of vaulting surfaces, 
omit the detailed description of the manner of con- 
structing the several projections and developments, 
trusting that the diagrams themselves will be f^^hd 
sufficiently explanatory. 

128. Fig. 45. plate 6. represents the intersection of 
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two semi-cylmdrical vaults of equal span. Each groin 
will form a straight line on plan, and its profile will be 
a semi-ellipse] whose semi-axis major = c e, and whose 
semi-axis minor = D b. 

129. Fig. 2, plate 1, represents the interaectjon of a 
semi- cylindrical vault, A b c, with a cross vault, a, Bi C 
of smaller span, but of the same height, the groins being 
in vertical ptaneis, and forming straight lines in the plan. 
In this case the square section of the smaller vault will 
be a semi-ellipse whose minor axis = a, c, and whose 
semi-axis major = n B. The profile of the groins will 
be elliptical, as in the last instance. 

130. Fig. 3, plate 1, shows a method commonly adopted 
in the infancy of vaulting for constructing intersecting 
vaults of the same height, but of different spans. The 
smaller vault, as well as the lai^sr one, was usualljr a 
semi-cylinder, and its springing was rused above that 
of the larger vault jnst so much as was required to make 
the crowns of the two vaults ooincide. 

By this awkward expedient, tlie necesuty for which 
appears to have arisen from the bmlder's ignorance of 
the prindples of projection, the groins are nwde to lie 
in twisted planes, and form waving lines on the plan. 
The groins themselves, when viewed from below, appear 
crippled, and have an unsightly appearance. 

1.11. Tn fig. 4(1, plate 6, is shown the intersection of 
two vaiilu of ditl'erent spans, springing from the same 
level. The groin thus produced is called a fj^eM^rotn. 

FROJHCTIOKtS OV THE SPHBKE, 

^2. We have already stated that the plan and ele- 
vation of a sphere will always be a (^cle; and that 
every plane section of a sphere ifrill be a cude, the 
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projection of winch wilt be a circle, an ellipse, or a 
straight line, according to its position. It is therefore 
unnecessary to say uiything farther here, either as to 
the projections or derdopment oS the sphere, beyond 
referring the reader to artides 101, 102, and 107, and 
to figures 34 and 3?, plate 4, the latter of which illus- 
trates the approximate development of a sphere, by con- 

133. Fig. 47, plate 6, represents the intersection of a 
hemispherical dome, with four semi- cylindrical vaults, 
and will be understood without any verbal description. 

134. If the reader has made himself master of the 
problems given in this section, he will have no difficulty 
in projecting the intersections of any curved surfaces 
whatever, of which the profiles and directions are given. 
We think it therefore unnecessary to swell the bulk of 
this litde volnme by anyinrther examples, and proceed 
at onca to the subject of the Third Section, namely, the 
applicBtion of masonic |m^ection to the sdentific opera- 
tions of Stoneontting. 



SBCIION UL 
PRACTICAL STONECUTTING. 
PABT I.— QENBRAL PBIKOIPLBS 0? STONSCUTTING. 
FORMATION OF SITRFACBS. 

135. In working a block of stone the workman 
be^ns by bringing to a plane surface one of its largest 
aides, which will generally form one of the beds. 4ts 
reqtured shape having been marked on the surface tbns 
formed, either with the square or with a templet, chisel- 
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drafts are sunk across the ends of one of the adjacent 
faces, by means of a 
square or a bevel, as 
shown in fig. 48, and 
this second face is work- 
ed between these drafts. 
The position of a third 
side is then determined, 
and its face worked in 
the same manner, and tliis process is repeated until the 
block is brought to its required shape, 

136. To form a Plane Surface.~~Ut, when the sur- 
face is of consider- 
able size. Two dia- 
gonal drafts, as a b, 
erf {fig. 49), are run 
across the surface 
and connected by 
cross drafts, as a 
ch. The superflu- 
ous stone is then knocked off between the drafts, until 
the' surface coincides in every part with a straight-edge. 
' — 2nd, when the surface is small. In this ease a 
chisel-draft is sunk along one edge of the stone, and a 
rule with parallel edges placed upon it. The workman 
then takes a second similar rule, and sinks it in a draft 
on the opposite edge, until tlie upper edges of the rules 
are out of winding, when the two drafts will be in the 
same plane, and the face may be dressed between the 
drafts. 

137. Toforra a winding Surface. — For this purpose 
tne workman prepares two rules, one with parallelj the 
other with divergent, edges; the amount of divergence 
depending on the distance at which they are to be placed 
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apart. Thus rules are sunk into drafts across the ends 
of the stone, nndl their upper edges are out of winding. 
The extremities of the drafts are connected by addi- 
tional drafts along the sides of the block, the surface of 
which is then knocked off until it coincides throughout 
with a straight-edge applied in a direction parallel to 
that of the drafts. 

The diverging rule is called the winding-strip, and 
the rules are called twisting-rules. The parallel rule 
will of course form a rectangle, whilst the form of the 
divei^ng rule will be that of a triangle with a rectangle 



strip as a triangle, which will niuch simplify the dia- 

In building oblique bridges with spiral courses, the 
latter are worked so that their winding-beds form por- 
tions of spiral planes ; and the accurate determination 
of the twial is a problem of great importance. 

138. We hare already (articles 122 and 124, and 
fig. 43, plate 5) described the manner of tracing a spiral 
line on the surface of a cylinder. 

If a cylinder be cut along a spiral line traced upon 
its surface in such a manner that the resulting section 
will everywhere coincide with a straight-edge applied 
perpendicularly to the axis of the cylinder, the surfaces 
thuB produced are called spiral planes. A familiar 
examjde of a spiral plane whose width is equal to the 
ladtus of the circnmscribing cylinder, is afforded by 




Fig. 50. 



added to it. See fig. 50. As 
the width of the rectangular 
portion of the rules has nothing 
to do with the twist, we shall, 
throughout the following pages, 
condder the parallel rule as a 
straight line, and the winding- 
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the soffit of a cork-screw staircase, such as may be seen 
in many church towers. 

339. To find Ike Dimensions of the WrTiding-SCrip 
for Tvorking a Spiral Plane. — In order that the principle 
on which the dimensions of the winding-strip are formed 
may he more clearly widerstood, we shall first assume 
the width of the spiral surface to be equal to the mdins 
of the cylinder. 

Fig. 51 is tlie perspective view of a quarter of 3 cy- 
linder, of which fig. 52 is the development, and fig. 
the right section. 

Plg.il. F\g.b2. fi*. 53, 



Let b c, fig. 52, he the development of the spiral /> e, 
fig. 51. In fig, 53, make the arc e e = ec in fig. 53 : 
join dc, and the sector dee will represent the winding- 
atrip. 

In applying the twisting-mlea to the stoue, they uiuat 
be kept in parallel planes at a distance = a d, ajid 
perpendicular to the asis of the cylinder. It will be ob- 
served that the working edges of the rules will diverge 
from each other, tlie distance b c being greater than 
a d. To keep these edges, therefore, at the proper de^ 
gree of divergence, it is convenient to connect the rules' 
with light iron rods, of which' the lengths can be readily^ 
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obtained from the development. If any difficulty is 
e:cperienced in keeping the side of the winding-strip in 
a direction perpendicular to the asia of the cylinder, a 
small bevel may be uaed as shown in fig. 51, set to the 
angle ecbin fig. 52. 

The twisting- rules should be made as thin as possible, 
and the working edges should he rounded, so that they 
may rest on the stone in the middle of their thickness 
only, as it would otlierwise be necessary to form them 
to a wiiiding fiiirfiic'i^. 

The drafts a h. d c, lig. 51, having been sunk to the 
proper twist, the surface abed will be dressed ofl^ so 
as to coincide everywhere with a atrai^t-edge apj^ed 
to the two drafts witii its ends aqni<liafiant &om the 
points a and d. 

140. If a atroigiit tine be dnwn betveen any tma 
points iR the circam&rence of a spiral plane, it will nM 
coincide with the spiral surfoc^ and will only meet the 
latter in the extrsm* points iyin; in 'due. cirou inference 
and at a point andway between them. It should be 
clearly understood, there^nre, that the proeesa jnst <le7 
scribed does not produce a spiral surfa^, although the 
approximation is so near in ordinary cases that the 
difference is scarcely appreciable, the distance between 
the twisting-rules being made so small, that for practical 
purposes the spiral be may be considered as a straight 

141. Let U9 noiv lake the case of a spiral surface, 
whose width is less than the radius nf the circumscribing 
cylinder. 

Let figs. 54, 55, and 56, be respectively the perspec- 
tivB view, the development, and the right section of the 
quarter cylinder, asial length i ^being the Stance 
at whieh tiie twistiDg-rules are to be applied. 

■ 2 
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Let b c, fig. 55, be the developinenc of the spiral 
b c, fig. 54: in fig. 56, make the arc fc = fc in fig. 
55. — Join G A, and from (I,the point in wUch c A cute 
the arch ^rf, draw parallel to A/. Then (fee repre- 
sents the vinding-strip. The mode of applying the 
twisting-mleB ia prerasely tjie same as described m art. 
139; in fact theae rules are merely portions of the 
larger rules shown in figi 51. 

1 42. Instead of applying the twisting-rules across the 
ends of the stone as above described, some masons 
prefer placing them in the length of the bed. In this 
case the dimensions of the winding-strip are obtained 
on the assumption that it is a continuatian of tile 
tsctradoml cylindrical surface. 

The working edges of the rules will be same dis- 
tance apart at each 
end, whilst their 
outer edges will be 
divergent. 

Let figs. 56, 5?, 
and 58 be respect- 
ively the right sec- 
tion, the perspec- 
tire view, and the 
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development, as before. Find c ed, fig. 56, as before. 
In the development, make y e = f e, fig. 56; join h e, 
then 6 « c is the winding-strip. 

We have already said that wlieu the twisting-rules 
are to be applied to the Icnyth of the atone, the winding- 
strip is assumed to he a continuation of the extradosal 
cylindrical surface. But as the wide end of the winding- 
strip in reality is the chord of the arc c e, and as the 
working edges of the rules do not coincide with the ex- 
tradosal and intradosai spirals, but are chords to them ; 
the dimensions given by the process above described, 
would be sabject to a slight correction, were they required 
to be matbematically correct. Practically, however, both 
the spirals and the arc c e may be conudered as stnught 
lines, and the correction is therefore unnecessary. 

The length of the working edge of the parallel rule 
will be found by setting off on the development 
fd = g d, fig. 56j and joining which will be tiie 
length required. 

143. There is yet a third w^y of obtaining the wind- 
ing-strip, which is to consider it as portion of a spiral 
heading plane. In the development, fig. 59, draw c i per- 
pendicular tQc£, and meeting Reproduced int; set 




off cd = c d, fig. 56, and join 
id, then die represents the 
winding-strip. This, again, 
is only an approximation, as 
the top of the winding-strip 
should not be a straight line, 
but a spirftl, of which c i is 
the development. This cor- 
rection, however, is too tri- 
fiing ti^be worth notice. 



The working edges of 
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these twisting-rules will be applied with the same de- 
gree of divergence as those described in art. 141, but 
their outer edges will also be divergent, not parallel. 
The top of the wintling-strip 'will form a right angle 
with the extradosal spiral. 

144, Of the three methods above described., the first 
is the most aMurate, as the dimensions of tiie wind- 
ing-strip are obtiiincd torreetly, ivliii^t in tl<o other 
two the dimensions obtained are merely approxima- 
tions, to whicii corrections most be Applied if very 
great accnracf be required. The last method is, how- 
ever, most eonvenient for l^.-inH^iBan, wbo will always, 
nnleea otherwise direoted, apply the winding-strip so 
Aat its wide end shall be aqoare to die siir&ce of the 
stone. 



SOLID ANGI.ES. 

145. Solid angles are those formed by the meeting of 
lliree or more faces in one point, and require for their 
execution two kinds of bevels, viz. : — 

1. The face bevel, containing the angle formed by the 
meeting of two arrises bounding one of the faces. 

2. The dihedral bevei, containing the angle formed 
by the intersection of two adjacent faces. 

146. The angles of the faces, or, as wo shall term 
them, the plane angles, are best worked from a thin 
templet applied on the face of the stone, as shown at 
uBv (fig. 60). 

In making a bevel to work a dihedral, the sides of 
the bevel are set to the angle that would be formed 
by the inCerseetion of a plane perpendicular to the 
cDmn:on arris; and in Efi|dying the bevel to the stone, 
it must on each fece be kept square to this line, as 
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shown at r B^' (fig. 60), making a b r, a. bj', each right 
angles. 

147. The solid angle occurring most frequently in 
practice, is that formed by the junction of three plane 
faces, to which the name of trihedral has been given. 
A trihedral has three plane angles and three dihedrals, 
t£ vbu^ six, any three being given the remaining three 
are also given, and may be obtained, all of them, by 
GslcuUtlDn, BODie of them by construction. We shall 
here, Jtoweva, consider only bow in those cases whicli 
are of most common occurrencB they may be obtained 
by eonstmcticn, 'viz. : — 

1st. When the three plane angles are given, 

2nd. When two plane angles and the included dihe* 

dral are given. 

3rd. When one plane angle and the two adjacent 

dihedrals are given. 

148. In each of these cases the remaining angles can 
be found by a umple geometrical construction ; and as 
the lines to be drawn are tbe same in each case, it will 
save repetition to describe the whole of the figure in 
the first instance. 




Fig. 60 is a per- 
spective view of a tri- 
hedral of which the 
fiiees ABT, 0 B T, 
are snpposed to be 
bounded by a plane, 
r T s, parallel to the 

tance, B o, measured 
at right angles to the 
face, ABO. The di- 
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es, r B^', s B n, adjacent to the face, a b c, 
s formed by the intersections of the cutting 
^jfWS'&n, perpendicular respectively to 



Figs. 61 and 62 are developments of the trihedral 




GO, and the lines b A, b e, being of equal length and 
corresponding to the arris B t (fig. 60), hi, e f being 
parallel respectively to a b, 
B c. Erect the perpendicu- 
lars B i, B / ; draw e d, 
h a, respectively, parallel to 
/ B, IB, and meeting each 
other at D ; join b d, and 
draw V k, n g respectiTely 
parallel to a b, b c Then 
A B D o> will be a plan on a 
plane of projection parallel 
to tbe foce a b o, sg b^g 
= 08 (fig. 60), and b it = o r 60). Now, in order 
to project the secdons x r sj and to a b » (fig. 60), 
set off on the litaes b a, b c (figs. 61 and 62), eqnal 
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distances b /, b y, correspontling to the perpendicular 
distance b o (fig. 60) of the two parallel planes ; erect 
the perpendiculars I m, q p; and join I k,q g. If i b, 
/ B be produced to any points, z y, beyond k g, re- 
specdvely, tben zklm,ygqp will be the respective 
projections of the sections arrsj, wsBtt, so that 
m I k, p q g are equal to j b r, n r s ; and I k, q g to 
B r, B *, thai is, to b i and b/ respectively. 

149. In applying this diagrani to practice, a b c is 
always made one of the given angles, and the per- 
pendiculars, B i, b/, having been drawn of convenient 
lengths, the remainder of the figure is completed either 
from the plane or the dihedral angles, as the case may 
require. 

150. Case 1. Given three Plane Angles of a Trihe- 
dral, to find the Dihedrals. ~T)r&\f the development 
and iind the point g, as in art. 148. With ^ as a 
centre, and radius g q = b/, describe an are cutting 
B cat q. Join g q, and draw qp perpendicular to b c; 
then g qp will be one of the dihedrals, and the other 
two may be fonnd in a nmilar manner. 

151. Case 2. Given two Plane Angles and their 
iaclttded Dihedral, to find the remaining Angles. — Let 
A B o, e B c, be the given plane angles, and g g p thrar 
included dihedral angle. Having found the point d, 
draiv- D h parallel to b i, and with b as a centre and 
radius b e, describe an arc cutting d A at A .■ join b h, 
and A B A will be the remaining plane angle. The re- 
maining dihedrals will be found as in art. 150. 

152. Case 3. Given one Plane Angle and two ad- 
jacent Dihedrals, to find the remaitting Angles. — Let 
A B O be the given plane angle, and k Im and g qp 
the adjacent dihedrals. Make ni, b/ respectively 

E 3 
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•qntl to lk,qy. Dnnr s A, s ti, fe m deseribed 
in &rt 146, EUid jina b A, b e .- tJien a b ^ o b e ore 
the remBining angles, and tbe remMning dihe- 
dral CBn be found bs in art. 150, 



153. No difficulty occurs in working a block of 
stone, of which the faces, beds, and joints arc to be 
either vertical or horizontal planes, as the several di- 
mensions required can be obtained directly from the 
plan and elevation. Nor is any difficulty introduced 
if some of the surfaces are cylindrical, as a cylindrical 
surface can l)c worked with almost as much facility 
as a plane; the only difference being that a curved 
mle ia noed in one Erection and a stnugbt one in die 
opporite, wliilst in the latter case tte stru^t-edge alone 
is used. 

154. If hovercr any of <l»e ndea of the blot^ are 
to be formed into conical, spherical, or s[Hnd snrfiices, 
the matter beooraes somewhat complicated, and it is 
necessBTy first to bring the stone to a series of plane or 
c;^mdrical surfaces on which to apply the bevels and 
templets required for finishing the work. These pre- 
paratory surfaces are celled surfaces of operation, hi 
l itscs where the blocks are of large size, they are brought 
to tlieir approximate shape at the quarry, and it is of 
importance that the quarryman should he enabled to do 
this in such a manner as to reduce the subsequent labour 
of the mason as much as possible. 

155. The simplest plan is to make the surfaces of 
operation either horizontal or vertic^, by which means 
the lines required for malting the berels aiid templets 
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can be taken directly from 
the plan and seotion, which 
are horizontal and Tertical 
projectuNH. Tbiu, let it be 
required to woTk a vonsaoir of 
a dome — ■we may first work the 
block roQghly, so as to form a 
portion of an upright hollow cy- 
; Under, as shown by the dotted 

lines in fig. 63, and transferring 

thelinesofthe plan and section 
i to the surfaces of operation thus 
: formed, the subsequent opera- 
; tions become very simple. 

When the stones are small, 
; and stone abundant, this will 
: generally be the best mode of 
: proceeding ; but, with tai^e 
— -' blockEi,-the waste of material 
and labour wonld be very se- 
rions, and it is necessary to 
use snch methods as will en- 
able US to economize the ma- 
terial as much as possible. 



PART II.— APPLICATION OF PBINCIPLES TO 
PARTICULAR CONSTRUCTIONS. 

156. Having now explained the general principles 
of stonecutting, we proceed to show their application 
to some few pardcolar conBtmctions, each of which may 
be regarded as the type of a class to which the samb 
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rules are applicable, vith snch trifiing modifications as 
the circumstances of each individoal case may render 

desirable. 

157. Carved Winff-Walh. — To execute a wall with a 
straight batter on a curved plan requires much care and 
attention, and a considerable number of templets for the 
|)ropi.T working of llic conical beds of the courses, and 
for obti-ining the twist of the coping. 

We have already described in detail the manner of 
constructing the several projections required in design- 
ing a conical wall, and therefore need not say anything 
further on the subject in this place, but will proceed at 
once to describe the manner of obtaining the necessary 
templets, and of worMng the stone. 

158. Arrmffement cf the Ckmries. — On a platform 

draw a straight 
line equal to 
the vertical 
height of the 
wall at its 
highest point; 
calculate how 
much the wall 
will batter in 
this height, and 
set off the dis- 
tance at right 
angles- to the 
first line, as 
shown in fig. 
64, where ab 
is the vertical 
hfflght of the wall, and & c the amount of batter. Drav 
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the face line a c, and divide it into the intended nam- 
ber of courses. 

When the stone provided for die work runs of various 
thicknesses, measure the thickest and the thinnest blocks 
and gauge the bottom and top courses accordingly j set 
ofF these dimensions on the face line a c, and armnge 
the intermediate courses as described in art JS, Section 
H. Number the bed-joints as shown jn tiie figure, 
beginning from the bottom of the wall. 

Provide a rod, and mark on it the radius of each bed- 
joint, numbering each joint in succession to correspond 
with the numbers on the line a c. 

159. To ivork the top Berf.*— The beds of the courses 
of a battering wall are made to dip at right angles to 
the face, whilst their front arrises lie in horizontal 
planes. The first operation therefore will be to form a 
horizontal surface of operation on which to apply a 
curved templet, cut to the radius of the A;ont arris. 

Fig. S6. Make a bevel, as shown in 




fig. 65, so that the an^ abc 
shall he the dip of tfie bed. 
The length of A c will he regu- 
lated by the width of the stones 
to be "worked ; that of o S by 



the rectangmlaj portion, adef. 



* We ue not iwwe thai thu method lias been previonaly pnUiahed. 
The method moat conuMoIjiii nae ia the bit of the two methods ducribed 
bj Ur. Peter Htdudnm bi bis 'Practical Masonr;,' etc. Mr. NichoU 
toa'i rale is ■ Ter; eicellent one, bat the constrootiDn ot the hjpperbdio 
templet for olitamuig the wind of the bed it too complicated to be mider. 
Blood by aa ordinary workmjui. In the mle here gjTcn, the Ihiea of 
the templets are those of the woik itielf, uid can be taken diieetly from 
the plan and leeUon. 
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IB of little cmueipience; Situ^ea isAconyeDKiit'diiaM)- 
sion. Call this bevel No. 1. It will apply to the vbtde 
of the courses. 

Make a curved templet to the radius of the front arris, 
as set out on the rod describea in art. 157. The length 
of this templet most be a little more than that of the 
longest stone in the course. Call this templet No. 2. 
Each bed-joint requires a separate templet, but the 
same templet will work the top bed of one course and 
the bottom bed of that nest above it 

With No. 1 sink a shaft abc (fig. 66) across the 
Fig. 6B. centre of the length of the 



surface of operation eafffbh. On this surface apply 
No. 2, And draw the curve of the front arris ebf, keep- 
ing the curve perpendicular to b c. Make a duplicate 
of No. 1, and with these two rules bring the top bed to 
its proper wind. To do this, one rule naust be placed 
at b c, and the other on successive portions of the sur- 
face, the rule being kept square to the curved line, ebf, 
and placed so that the point b coincides with it. The 
second rule must then he sunk til! the upper edges of 
both rules are out of winding. (See fig. 66.) 

On the bed thus worked draw a line ^uare to ibe 
front anifi as shown in fig. 67, and make a flexiUo ten- 
plet to the angle ebc. Tim templet when laid tat vill 
be a, portion of the development of the conical suriace 
of the bed, and when bent round the atone will give 




)>lock, so that A d is et^aal to 
tlie versed une of the curve 
of the front ania. Thnx^h 
b draw h bjf, perpendicular 
to it C) and Juioct off the 
front edge of the block, so 
as to form the horizontal 
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the direction of tlie joint. Call this templet No. 3. 
Each course requires two templets, but the same 
templet \vill work the lop had of one course and the 
bottom bed of that nest above it. Gauge the top bed 
to a regular width, and mark off the radiating ends with 
No. 3. The stone is now bronght to the state shown 
in fig. 68. 

1^. To work the Face. — With a common square ap- 
plied at the ends of the t<^ bed, sink a draft at each 
ertremity of the face as shown in fig, 68. On these 
drafts mark the thickness of the course as shown at i k. 
Take No. 2, corresponding to the front arris of the 
bottom bed, and sink tiie draft i » k — keeping the tem- 
plet so that 6 n=e i, the thickness of the course. Work 
the face between the top and bottom drafts with a 
straight-edge. Gauge the arris line ink parallel to ebf. 
Draw a line fi n (fig. GO) square to the top arris, and 
make a flexible templet to the angle e. b it. This tem- 
plet when laid flat will be a portion of the development 
nf the conical face of the wall, and, when bent into the 
curved face, will give the direction of the upright joint 
in the face. Call this templet No. 4. A separate tem- 
plet will be required for each course. Complete the 
working of the face bjr marking off the face-joints e i, 
fk, with No. 4, as shown in fig. 69. 

161. To toorh the Ends. — The ends of the stones will 
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beTertiealplanes,andare therefore worked withsatraight- 
edge applied to the arris lines, I/, /Aandme,ei, fig. 69. 



162. To work IJic hottora Serf.— This is done with 
No. 1 and its duplicate, simply reversing the rules, end 
for end, as shown in fig. 70, keeping the point c on the 
arris ink. The top bed is round, and is worked from 
the centre to the ends. The bottom bed is hollow and 
is worked from the ends to the centre. 

163. To build the Wall.— Set np an iron, rod at 
the centre of the cone, and steady it as may be most 
convenient (see fig. 'Jl, plate 7 ; in which however, tjie 
stays are omitted, to avoid confusing the drawing). 

Provide two battering rules, on which mark the bed- 
joints and fix them very accurately at the extremities of 
the wall. Then, as each course is Iwd, try its correct- 
ness with the rod described in art. 15S, or with a stout 
measuring tape, of which the ring is passed round the 
iron rod at the centre of the cone. 

These precautions are especially necessary in building 
curved walls either in brick or in rubble, as without 
being able to refer to a centre it is very difficult to keep 
the courses to the proper curve. In building an ashlar 
wall, the stones being previously brought to the curva- 
ture of the face, this difficulty is much lessened ; but 



Fig. 69. 



r^. 70. 
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the appearance of the coping depends so completely 
on the accuracy with which the work ia carried on, that 
the use of the centre rod cannot well be dispensed with 
without a risk of the coping being slightly crippled. 

164. To form the Top of the Wall to receive the 
Copinff. —Shiit the rod to n, fig. 72. String two lines 
in the plane of the front edge of the top of the walJ, as 
shown at n b, n h, figs. ^\ and 72, plate ?. On a plat- 
form strike out a quarter elHpse, with semi-axis major 
=M b, and semi-axis minor=j n. Make a templet to 
this curve, in any convenient number of pieces, and call 
this templet No. 5. Beginning at q, fig. ^2, place No. 
5 against the i2.ce of the wall, piece-by piece, keeping it 
out of winding with nb,nb, and draw the line of the 
front arris on the top stones, which wiU have been car- 
ried a little above this line. The top of this wall must 
then be dressed off to this line, keeping tiie surface level ' 
in the direction of the centre rod, and it will then bo 
ready to receive the coping. 

165. To work the C(^ng. — Divide the front edge of . 
the wall into the number of atones which the coping is 
to contain, and square the joints across from the face. 
Let it be required to work the stone No. 3, fig. 72 — 
from a point b in the front of the wall, corresponding to 
tlie centre of the stone, draw two lines perpeudicular to 
the arris, viz. a b on No. 5, and 6 c on the top of the 
wall. Make a bevel to this angle, and call it No. 6. A 
separate bevel will be required for each coping-stone. 

In working the stone it ia convenient to begin widi 
the top surface. The block being roughly scappled to^ 
its shape ; with Ifo. 6 sink a draft, ab c, across the 
centre of the top surface, as shown in fig. 73, plate 7, 
and form a surface of opeTatiou,ea/^iA, as described 
in ait. 159; the only difierence being that, in tlie present 
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case, tbe snrfiic« of operation Is not horiznutal, but lies 
in the plane q n 5, fig. 72. On this surface apply No. 
5, by which draw the front edge, e bf. Tlie dimen- 
sions of the twisting- rules required for working the top 
surface are found by actual measurement from the wall 
itself. The number of twisting-rules required for each 
stone will vary according to the degree of twist, which 
increases from the foot of the wall upwards.* These 
tvisUng-rules must be ^iplied in a direction radiating 
from tbe face-linCf and the workman must commence 
at the centre of tbe stone, on the draft b e, and work 
each way to the enda. 

The top surface haTing been worked to the proper 
twist, the radiadi^jointlines are marked with a bevel; 
tJte angles being taken from the lines previously marked 
an the top of the wall. 

The width of the top of the stone is then gauged 
parallel with the front line, and the fronts and backs 
worked. The ends should be left rough until the 
whole of the coping is worked, in order to ensure an 
accurate fit. 

In applying the square to work the front facej it 
should be placed so that a plumb-line suspended from 
any part of the front edge shall coincide with the face, 
if the square be a.^^Xi&d. perpendicular to the arris, the 
bottom edge of the ci^dng will Appear underset, wfaich 
has a wretched e&ct.t 

The front and back having been worked, the atone is 

* ]t mut be reraembcndt that the top nnir liotlnn^ nrii'e^ of the co- 
ping do not lie in parallel planei, as eipiaincil ir ii- 1 1 ; I h.' riifftrence 
IB the twist at the top and bottom heds arising irnm i\\\s w.'-n a s<:iaix\y 
apprcd^lej lint it ma; be allowed for in taking ihe twist from the lop of 
a« wan. Tthen the cone is mScieMljr ta make this atctauj. 

t Sane pmont picfer to mala ftcnt «f the capiBS tttttariagi tUa 
i».>iBplramatter«ftMle. 



Digitized by GoOgle 



ART OP MASONRY. 91 

gauged to its proper thickneas on «B(di jide, and the 
bottom bed can be worked vilJi a straight-ac^ allied 

between these lines. 

166. We have described the froiit of the eoping to 
be worked witli No. 5, and this would be perfectly 
correct were tlie coping set flush with tlie face of the 
wall, B"t, as it is always overset to a slight extent, 
say two inches, it is evident that the front of the coping 
must be made to curve a little quicker than the front 
of die waU. In ordinary oases, tha difference between 
these two corves is not pereeptible in the length of a 
stone, bot-irtien the radios of eurvature is very small, 
two'teinpktB will be required, one to work the top of 
the wall, and Hie othw to work the iront of the racing. 

• 16?. There arc verymany ways in which the twisted 
coping of a wing-wall may be worked ; but the fore- 
going method appears to us the simplest, and that 
requiring fewest templets. As each stone requires a se- 
parate bcTcl, face-mould, and twisting- rules, the trouble 
of making the templets adds greatly to the ooet of 
working the stone, and the last-named consideratioB 
is therefore one of great importance. 

168. W;ills arc sometimes built on elliptical plana, 
but this should always be avoided if possible, as the 
working of the stone is a very complicated process. 

DOU£S. 

169. The foregoing rules apply wil% trifling modififlB- 
tions to the execution of domes, spherical niches, mA 
fan vaults, and generally to all constructions in which 
the beds of the conrses form conical snrfaces, and of 
^ich the Joints lie inveitical planes. A single example 
will suffice to show the nature of these modifioatiom. 
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Let it be required to work the voussoir abed ef g, 
fig. 1A, plate 7j of a hemispherical dome. Tlie top bed 
in this case is hollow, and the bottom bed rounded, 
therefore begin with the latter. Obtain the front arris, 
and work the bed as in art. 159. Work the face, adef, 
so as to form a conical surface of operation, as in art. 
160 ; except that the chisel drafts at the ends of the face 
will he sunk with a bevel set to the angle a d c, instead 
of a common square being used. Work the ends as de- 
scribed in art. 161. Obtain the arris af, and work tbe 
top bed as described in art. 16S; except that^as die in- 
cUnations of tbe top and bottom beds are not the same, 
there must be as many sets of vinding rules as there 
are courses. LaBtly, yroik. tlie conical sur&ce of opera- 
tion to the proper curve, with a curved rule, as shown 
in the figure. 

ARCHES. 

170. The construction of either circular or elliptical 
'arch'es, of which the abutments are square with the 
feoe, oflfers but little difficulty. 

As the depth of the arch-stones is generally greater 
than their thickness, the workman commences by work- 
ing one of the beds. This being done, the ends are 
squared, and their exact shape marked ham a templet. 
Theoppositebedisnow worked ta the lines thus found. 
Lastly, drafts are sank at each end of the soffit to 
the curres previously marked, and the sofGt is dressed 
off to coincide with a straight-edge applied between 
the drafts in the length of the stone. This will be un- 
derstood by inspection of fig. ?5, plate 7- 

Another method is to work the soffit from the bed 
first formed, by means of an arch-square or curved 
bevel, as shown in fig. 76, plate ,7- One bed and the 
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soffit being worked, the other bed is worked from the 
soffit in the same way. This method dispenses with the 
necessity of squaring the ends before working the soffit, 
which is sometimes an advantage. 

In both these methods the straight;edge is used for 
trj'ing the surface between t!ie chisel-drafts at the 
ends of the curved soffit ; but in the first method these 
drafts are got by apj>lying a templet on the squared 
ends, and in tlie second by means of the arch-square. 

171. Oblique Arches, — We have in the first section , 
of this volume described the difierent methods in which 
oblique afches may be constructed. In the following 
pages, therefore, we propose to speak only of cylindrical 
arches built in spiral courses, of vhich the beds radiate 
from the axis of the cylinder. Th^reader who will take 
the trouble thoroughly to master the rules here laid 
down, will find no difficulty in executing any other de- 
scription of arch. 

The construction of a skew arch of which the span, 
rise, width of soffit, and angle of skew are given," re- 
quires but very few fines to be drawn for finding the 
templets and bevels. But it is always desirable, before 
commencinz operations, to make a large drawing to an 
inch scale, for the purpose of ascertaining the sizes of 
the stones that wiU be required, the best manner of 
arranging the heading joints in the soffit, and such other 
particolars as cannot well be obtained from a small 
sket(di I and we shall therefore briefly describe the 
projections and developments that are required for this 
purpose. (See fig. 77, plate 

1 72. Ptan. — Draw two lines, cb,dy, parallel to each 
other, at a distance, d e, corresponding to the square 
width of the soffit of the aieh.r Set off the angle the 
bridge, and draw one impost line, c d. Draw the 
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Mcond impost line parallel to the first, at a distance, a b, 
corresponding to tbe span of the arch on the square 

section, 

173. Seclion.—W'ith the given span a b, and rise A i. 
draw the square section of tlie arch. 

174, Development.— M)t&vr a development, b y k y, of 
the soffit of the arch from the data thus obtained. Draw 
on it the development of a heading spiral, passing 
through the extremities of the impost lines in one of the 
fronts. Divide this line into any convenient number 
of equal parts, as 13, corresponding witli the intended 
number of stones in each face of the arch ; an uneven 
number being always taken, to allow for a key-stone. 

From k, the opposite end of the import line making 
an acute angle with 'the face, let fall a perpendicular, 
kljOTi the hrading sinral just drawn, whidi wiU Topre- 
■ent the development of a CQurnng joint. If this liae 
pass through one of the divisions on tha beading ^iral, 
the design may be proceeded with without any altera- 
tion of the dimensions ; but this will most probablynot 
be the case. It will then be necessary to adjust tiie 
dimensions, so as to make the coursing s^rai paw 
through one of the divisions ; whioh may be done — 

1st. By altering the width of the bii(%e. 

2nd. By altering its span. 

3rd. By altering the angle of skew ; or, lastly, by a 
slight adjustment applied to all these data. 

If the dimensions of the arch are unalterably fised, 
tLis first coursing joint most be dr&wn thieu^ 
nearest face-joint; but, in this caae,as the coursiiigBiid. 
beading spirals are' not perpwidieolu to each other, the 
soffits of tiie stones wiU be out of i<)aare«, which is very 
objectionable. In biding arches of brick, witii stone 
* Tbatit,'ifHu-ilraRin«mikcdtDlbrai>^pila>boail. 
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qnoina, as shown in fig. 78} plate 8, this difficulty is 
scarceiy felt, because it is not necessary that the bce- 
jtants- of d)e op^site Eronta sbanld ninge with each 
other ; ^1 th»t is required beingr Uiat they ahotdd coni- 
cide with some joint of the bricfcworic, so that, in this 
case, the necessary adjustment can never exceed half 
the thickness of a brick. 

The angle made in the development, by the intersec- 
tion of the coursing joints witii the impost, is caUed 
the angle of intnidos. The corresponding angle, in a 
development of the extmlos, is called tJie angle of ex- 
trados. 

175. Arrangement qf Heading-Joints. — Divide each 
impost into as many parts as there are divisions cut off 
on the heading spiral by the coursing joint iirst drawn, 
lAM);,in tins example^ are five in number; and through 
tfafl'divtmxM'On^die inmost, and on the heading spiral, 
draw the derelopnicnts of the coursing spirals, whidi 
witL' be parallel' to and equidistant from each other. 
Threngb die dnisions on the imposts draw heading 
spirals parallel to tihat first drawn, and arrange die 
heading joints on these lines and on others parallel to 
them, so as to form regular bond throughout the whole 
of the soiEt. (See fig. 11, plate 2, art. 39.t 

It will be seen that, from the heading spirals not 
being parallel to Che face line, the quoin-stones will be 
of very irregular lengths ; and this is particularly con- 
spicuous in briclt arches with stone quoins, whose ends 
are portions of continuous heading s})irals. The best 
way of avoiding this is to draw on the development 
lines parallel to the face-lines at distances corresponding 
to the intended lengths of the long and short qoow, 
and to make the end of each quoin a portion of a se- 
parate: heading spiral, passing through the i iiersections 
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of these lines with the coursing joints, as shown io fig. 
78, plate 8. Some persona, in bnilding faricic arches 
with stone quoins, make the ends of the latter parallel 
with the fiice-line, which is very objectionable, as it 
throws them out of square with the brickwork, wbidj is 
offensive to the eye, and makes unsound work. 

176. Skew/iacks.—Tl-ie next thing t,o be considered 
is the arratigement of the joints in the imposts. The 
top of each impost must he cut into checks or skew- 
backs to receive t.lie ends of the courses ; and, as the 
beds of the courses are worked to radiate from the 
centre of the cylinder, the checks will be square to its 
axis, and to the faces of the abatmente, as shown in fig. 
77- In settling the sizes of the stones forming the 
imposts, it must be borne in mind that the stone at the 
obtuse quoin will be wider at the back than at the front, 
whilst the reverse takes place at the acute quoin ; and 
it is of importance that the latter stones shall be of 
sufhcient size to bond into the rest of the work. The 
thrust of a properly built skew arch being in a direction 
parallel to its fronts and not at right angles to the 
abutment, it will always be desirable to make the joints 
of the masonry square to the fronts, and, therefore, the 
backs of the impost atones should be cut so as to bond 
with the rest of the masonry, as shown in fig. 79, plate 8. 

The last thing to be attended to in tbe design is tiie 
elevation of the arch, and the arrangement of tlie courses 
of the spandrils. 

177. To drmo the Elevation.— The curves of the 
intiados and of the extrados are both portions of eUipses 
of which the spans are to be taken from the plan &nd the 
heights from the section. The positions of tiie jcnnts on 
the intrados are taken from the divisions on tixjace-line 
of the development of the intrados, Hieir porition on 
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theextrados maybe formed by dereloping the extrados, 
the manner of doing wbiab may require some little ex- 
planation. 

Since the joints are made to radiate in a direction 
perpendiniilar to the axis of the cylinder, it follows that 
the axial lengths* of the intradosal and extradosal 
spirals will be the same (see fig. 77? plate 7) ; but, as the 
circumference of the extrados is longer than that of 
the intradoa, .tbs angles made with the abutments by 
the extradosal spurala will be greater than those made 
by the coursing joints in the soffit j or, in other words, 
the angle of extrados will be greater than the an^e 
of intrsdos, and, as a consequence, the extradosal plans 
of the stones will be out of square, as shown la the 
development of extrados, fig, 77- In drawing the 
heading spirals in the development of the extrados, they 
will not be perpendicular to the coursing spirals, nor 
will they pass through the intersections of the face and 
impost lines, but they ivill fall ivitliin the face at the 
obtuse, and beyond ib at the acute, quoins. Tliis will 
he fully understood by reference to the figure. Divide 
the extreme beading spirals into as many equal parts as 
the heading spirals of the intrados, and through these 
divisions draw the developments of the extradosal cours- 
ing joiqts. Transfer the dlviuons on the /oce-line of 
the ex^adoa to the curve of the. extrados in elevation, 
and draw in the face-joints, between the points thus 
determined in the extrados and intrados. In strictness, 
the face-joints are not straight lines, but onryes ; as 
every intersection of a plane with a spiral sorbce will 
be a curved line, except when the plane of intersection 
is perpendicular to the axis of the cylinder; but, unless 
■ BrnitllengtiiitlMtainwDttiitdbtuifeiiiumcloiitheBiisofi 
^llndet, coiieiiioiHlinf la^mtimnvoluKoii of ■ tpiral. 
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the bridge is very m^ich on the Aew, tiie ownrtme is 
not worth noticing in thedramags,MitiiiMni»daa dou 
not in any way affect the work. 

IjS. Focal Eccentriciiy.—lt was first pointed oat by 
Mr, Buck,* that the face joints of an oblique arch of 
equal thickness from the springing to the crown have a 
remarkftble property, yiz. that their chords all radiate' 
from a iMtmt below the axis of the cylinder, the dit- 
tance increasing with the angle of obliquity ; and he 
gives in bis woric the fidlowisg sisaple rule for aac«rtun- 
ing this diataiue, whidi he cbUb die focal eccentridty 
(se^ tlielower partof fig. 77jpl»te 1). Draw a&=ra£BS 
of extrados, and b c perpendicular to it, making the angle 
u c b = angle of skew ; draw c d perpendicular to 6 c, 
making the angle cb d~ angle of intrados ; then c (f is 
the focal eccentricity. For the demonstration of this rule 
we refer the reader to Mr. Buck's work. By taking ad- 
vantage of this property of the face-joints, we can draw 
the elevation without the trouble of making a develop- 
ment of the extrados, which saves much time. 

1/9. SpandrUs. — The face-joints having been drawn, 
the last thizig to be done is to arrange the lengths of the 
quoin stones, and the he^ts of the apnndril fioursM. 
This is sometimes troubtemnne to maiiagei, as it ia neoes- 
sary for the appearance of the woric that the o£ 
the spandril courses shenhi diminish Rgnhdy ficom the 
Eppringing to the crown, and the lengths of the qiKuns 
most be adjusted so as to effect dus. If the derathm is 
carefolly drawn to an inch scale, the lengths of the qtUHBS 
can be obtuned from it with sufficient accuracy withont 
drawing a full-sized elevation; which is an expenuTO 
operation, as it requires a large extent of plat£iHin. 

* 'IrFndiMlud Tl n owt i M i B«qiMOUiiiia Bri^M,' br Oe Me 
G«OTgg Wunn BnA. (aw Oiqprll.) 
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We now proceed to deiciibe the manner of finding 
the bevels and templets for the exe^itHHi of the work. 

180. In 6g. 80, plate 8, let 
£dcb = angle of skew, 

ab = span on square. 
hi = versed sine of arch. 
de = width of soffit on the square. 
ax = radius of intrados. 
cb = oblique span. 
c d = length of impost. 
■ bf = development of square section. 
bff — development of heading spiral. 
tC.gkl = angle of intrados. 

Of these data, the fcmr fmt ok known, and the o&ers 
must ha tmmd from them, athttr bj geometrical cobt- 
stroetkm on a^latf6rra,«r by calculation; the latter pUa 
heii^ the most correct, the qmckest, and the cheapest. 

181. Radius. ax= ^^'t*^ see art. 83. 

2th 

182. OMijfie Span. eb=ab x cosec zdcb. 

183. Length of Impost. cd = de x cosec i deb. 

184. Development of Square Section. — The natural 

tine of the anslc axh = Look in a table of na- 

° aar 

tural sines for this number, and call the corresponding 

ninnbcr of degrees n; then bf = aib = 2n x ax x 

•017459 (as in art 88). 

185. Devtiopmeni of Headitig ^liral. — First fg = ac 
= a6 X eotmg £deb. 

Then h g=\/ bf*+ f ^ = derdi^ment of heading 
spiral. 

186. A5ngh of Inirados. ^ = sine of £ fhg = 
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187- Tlie above calculations are best performed by 
the aid of a table of natural sines, secants, and tangents, 
■without usins; logarithms, and may be made with a 
table of natural sines only; but the operation jssome- 
n'hat tedious in the latter case, as it involves dividing 
by the sine of the angle of skew, which is very trouble- 
some, as the sine should not 'be taken to less than six 
places of dedmals : — 

Hius, the oblique span, b = . 

and the impost length dc —. — . 

188. These dimensions having been ealcnlated, the 
lengths of the imposts and of the development of the 

heading spiral must be set out very exactly on long 
rods, and divided into the number of equal divisions 
previously lieteriiiined on. The divisions of the impost 
rod will givii the exact length of the checks to be cut 
on the springers, and the divisions on the other rod will 
show the exact ividtii of the courses. 

189. Tempiets for the Skew-backs, — On a sheet of 
ainc, draw two lines at right angles to each other, as 
ab,bc, fig. 81, plate 8 ; set off 6c = widtli of a course 
on the soffit, and 6 o = 6 c x cot / of intrados. Join 
a c. Then the triangle ab c will be the form of the 
templet for the impost checkB in the soffit, and ac 
should exactly agree with the length of cheek previously 
ascertained. From b let fall on o c the perpendicular b d. 
On a platform draw a straight line a b c, fig. 82, plate 
8, making ab = radius of intrados, and be = thickness 
of arch at springing. With centre a, and radius a b, 
draw the aicbe = bd,&g. 81. Through e draw a e d, 
maSdagedxsbc. With centred, and radios a c, draw 
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cutting aedmd. InSg, 81, produce b dto e, malung 
dbe = dcm€g. S3; join ae,ec; then a is the form 
of the templet for the impost checks on the extrados. 

190. In working the springers, they are first brought 
into a cylindrical form, and divided into the proper 
number of checks by the impost rod. The templets are 
then applied on the intrados and extrados, and thfflr 
profiles marked .on the stone, which is then cut away to 
these lines. 

191. Thinilviff-Rulei. — On tne platform set out the 
angle of intrados, m g k I, fig. 80, plate 8, and let k m 
be the asial distance at whioh the parallel ends of the 
twisting-rules are to be applied. Draw m n perpendicular 
takp; R twin be in the distance between the rules on 
the intoados. On the platform with radius of intrados, 
m a>, fig. 83, plate S, draw n m = n m in fig. 80. Diaw 

m ^ and ir n'o, and the concentric arc 0 j), making 0 n = 
mp = ttuclmesa of arch. On n m produced, fig. S, set 
i» o = ^ o, fig. 83. Join ko; then ^ o is the distance 
at which the twisting-rules are to be applied on the ex- 
trados. In fig. 83, draw n q parallel to mp; then no q 
will be the divergent portion of the winding-atrip. 

When 3 bridge skews to the left, as shown in fig. 80, 
plate 8, the winding-strip must be applied on the right- 
hand side of the parallel rule, and vice versd. 

The rules here described are to bo applied as di- 
rected in art. 141. 

192. Templet for the Curve of the Soffit.*— The por- 

* TheKeBdermnit notbe aUeonngcdifliedo nat,oa theflntperu^, 
nndentuid the object of the aperitimia here ducribed. S<iiDe uaiituiM 
mar be dnivad from M intpeeaonof llg. 77, bi which flgi.S4,8fi, B4,u3 
B7, ire npealed on samin iMle ID ranuMctiaii TCth Mch other ; but the beat 
plan would be to lay down aa aetenl linea on tbe inr&ce of tcjlinder, 
when thi prindple on irludi the rule ii founded becMnei imme^lelr 
tpgaeOt. 
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tion of a conraing sptiral ineladed in (he length of any 
TouBsoir may be treated u an arc of a circle, and may 
be obtuned approidtnately a* follows i — ^Drsnr on tbe 
platform tbe lines ab,bc, fig. 64^ plate 6, of any conve- 
nient length, making z abe= sngle of intrados. On 
a h let fall the perpendicular c a. In iig. 85, plate S, 
draw a IS = radius of intrados, and with a as a centre 
draw the arc a c = a c, fig. 84, From c let faU on a ic 
the perpendicular c li. Draw two lines parallel to each 
other, fi'r. 8G, at a. riistaiir.e apart - a </, lig. 85. From 
any point, i, in one Imc as a centre, ivith radius = 
b c, fig. B4, describe two arcs cutting the other line, as 
shown nt n and r. This will give three points in the 
curve, wliich may then he drawn in with a trammel, as 
described in art. 64^ Make a templet to the curve thus 
found, and call it temidet No. 1.- 

193. Tempkt for aarich^ the Hea^ng-Joiitfi <m 
the Beds. — Take a abeet of zinc, and taaik on it the 

. curveof tiiesofiStivitiitenipletNo.l. Whii intorBcoting 
axes, set up a perpendicular to tbe curve as a i, fig. 87i 
plate 6, making a 6 = tbickness of arcfa, or a Ihlle 
more. Cut the zinc to the angle 5 a c, as shown by the 
shaded part of the figure, and this will be the templet 

-required; which call No. 9. 

194. Templet for marking the Heading-Joints on the 
Soffit. — This is simply a rectangular piece of zinc of 
any convenient length, and of which the width is that 
of a course : it is best however to make it the length 
of the longest voussoir. Call this templet No. 3j see 
fig. 89, plate 3. 

195. Arcii-Square. — The arcb-square, required for 
working the soffit from the bed, is precisely Edmilar to that 
shown in fig. 76,art l70,and needs no further description. 

196. Method of worltmg the VouevJvrB.—ia Bed. 
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Bring one side of the stone to a plane surface. With 
No. 1, draw on it the curve of the intradosal coursing 
joint, as a b c, fig. 88, plate 8. With No. 2, draw one 
of the heading-jolQts, as a e. Take the twistiiig-ruies, 
aiidj applying the parallel rule to the line just drawn, work 
the bed n i c rf e to the proper twist. "With No. '2, draw 
the second lieadins-joint c d. This uuujplelcs „ne bed. 
— Soffit. Witii the arch-square ;ipplicd si) tL.at it shall 
be always in a plane perpendicular to the axis of the 
cylinder, work the soffit to a cylindrical surface. If any 
difficulty is found in applying the arch-square in the 
proper direction, a small bevel may be applied to the 
soffit, set to the complemait of the angle of intradoa, as 
shawn va £g. 89, |date 8. With No. 3 gange the soffit to 
its prayer width, and marie the heading-joints. This 
ootupletes the soffit. — 2nd Bed. This b worked from 
the soffit with the arch-square, and the heading-joints 
drawn with Ko, 2. — Ends. These are worked with a 
straight-edge applied between the joint-lines drawn on 
the beds with No. 2. 

197, Centerinff.—As soon as the abutments have 
been carried up to the spring, and the impost stones 
set, the centering must be erected. Tiic riiis .should be 
placed parallel to tlic face, and not square to tlie abut- 
ments ; as the former plan ensures greater accuracy in 
the curvature of the fronts. The laggings must be 
seeurdy fastened, and their upper snrEace planed per- 
fectly tme, 30 es to edncdde everywhere wilii a templet 
cut to the carve of the BtrfBt. Too much importance 
cannot be attkched to this, as upon it mainly depends 
the Bcouraoy of tiie work. 

The surf»» of tjie laggings having been JDsde per- . 
fectly true, the lines of the conrmng and heading joints 
must be marked npuL k, to assist the workmen ia aetdi^ 
the arch-gtonea. 
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This is done ia the fcdlowing manner; ^hich wiH 
be nnderstood by reference to fig. II, plate 3. 

Draw the face lines, and, having bisected them, dt&w 
a level line along the crown of the centering from centre 
to centre (if each face. 

Take tiie impost rod, and transfer the divisions on it 
to this centre line. Prepare a thin flexible board as a 
straight-edge, and, having planed its edges very true, 
transfer to it with great care the divisions of the heading 
spiral, which must be set off from the rod pr^ously 
prepared, as described in art 188. This straight-«dge 
need not be longer than is necessary to extend from 
the impost to the crown of the arch. Then, beginning 
at the extremities of one of the imposts, bend the 
straight-edge round the centering, and draw a series of 
heading spirals, from impost to impost, through the 
divisions on the centre line, and the corresponding lines 
of the checks on the springing stones. It may be 
necessary to observe that the laggings must project a 
little wav beyond the fronts of the arch, or there will 
not be room tor drawing the extreme heading spirals. 
Iransfer the divisions on the straight-edge to these 
headins spirals, takine care that the centre line at the 
crown passes through tiie centre of a division m each 
case. Through the points thus found, draw the coursing 
sjnrals, which will again coincide with the coursing 
joints in tite soffit of thearch. The heading -joints must 
then be marked, and the numbers of the arch-stones 
painted on, so that no delay shall occur in setting (he 
stones, from their being brought in the wrong order. 

198. Face Quoins.— Templets for Soffits.— The soffits 
of tlic ordinary voussoirs are rectangular; but this is 
not the case with the quoins, the soffits of which are al! 
out of square more or less. The templets for marking 
off the face-line on the soffits of these stones are best 
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obbubed from &e Unes on the la^ngs, vhieh is done 
hj bending round templet No. 3, and entting off the 

end to coincide with the fiice-line. 

199, Templets fw Angles of Coursing and Face- 
Joints. — In the ordinary voassoirs the heading-joints 
are all perpendicular to the curve of the soffit. This 
is not the case with the face-joints, which make vary- 
ing angles with the coursing joints, according to theit 
distance from the springing ; the joints lying between 
the crown and tlie acute quoins, making acute angles 
with the soffit joints, whilst the angles on the opposite 
halves of the fronts are obtuse angles. There are many 
ways of obtaining these angles by geometrical con- 
structions ; but these methods are very intricate, and 
require a great many lines. We prefer, therefore, to 
take these angles at once from the lines on the center- 
ing, which may be done mth great facility and accuracy 
as follows : — 

Apply templet No. 1 to a thin strip of deal ; and, having 
marked on the latter the cnrve of the soffit, ent bway the 
snperflnous wood, so as to make a corresponding con- 
cave rule. Take this rule and frame it to three arch- 
squares, set in planes perpendicular to the asis of the 
cylinder, as shown in fig. 90, plate 8 ; so that when 
the curved edge, a 4 c, is placed on a coursing joint on 
the centering, the curved edges of the arch-squares shall 
coincide ivith the surface of the laggings, Mark the 
centre of q c as shown at b. Then, beginning at the 
joint nearest to the acute quoin, place the edge abc\o 
coincide with the coursing joint; and so that the face 
line shall pass through the point b. Take a plumb-line 
with a pointed bob, and pass it oarefoUy along the arris 
(f^/nndl the point of the bob is exactly over the &ce 
line. Mark this point as shown at e. Then aie mil 
f3 
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:be tiie angle required, aadeb c will be tiie uigle for the 

corresponding obtuse quoin. TiaA the tuigles far the 
other joints in the same manner. Take templet No. 2, 
place it so that its curved side corresponds with a b, and 
tut the templet to the angle aOe, and this will be the 
templet for marking off the face-joint on thcadjaccnt beds 
of the two first courses from the springing. The remain- 
ing templets will he constructed in the same manner. 

200. Angle of Twisl.~As in all books on skew ma- 
sonry a great deal is said about the angle of twist, it 
may be desirable tiiat we should say a few words on the 
subject. The term angle o£ twist is an expression used 
to denote the diSOTcnoe between the angle of inttados 
and extra doE, and b often spoken erroneoosly of «gi syno- 
nymous with the angle the twisH^ rttk.* Thus in 
figure 57 and 58 {art. 142) the angle c 5 e is the angle 
of the twisting-rule J and c S t^is the angle of twist, being 
a somewhat smaller angle, which must necessarily be 
the case, as may be seen by inspection of fig. 56, as ef 
will always be less than d g. In practice however the 
dirterence between these angles is not appreciable, and 
no sensiljle error will result from considering thena as 
identical. 

201. The whole of the projections, bevels, and tem- 
plets, above described, are shown in a connected form in 
fig. 77, plate 7 1 & careful study of which will materially 
assist the reader in obtuning a£lear undnstanding of the 
principles which we have endeavoured to expltdn. There 
is, however, so much difficulty in understanding the 
nature of ^iral planes without models, that we would 
recommend the leader to procure a wooden cylinder, 
say three feet diameter, and to work oot upon it all 
the problems eonnected with skew masonry. . The de- 
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velopmcnts may be made on dramng-pftpM, Wid their 
accuracy tested by bending than rouod tbe modeL 
"Hie torapletc and .bevels may be cut out of cardboard ; 
and the ttoeiuncjr vS the fine bevels xaay be proved by 
aettiDg op in eardbonrd an elevation of tiie face, and 
trying them, against it. The construction of a model of 
&ae iiind is tlie best method of obtaining a Itiiowledge 
of the subject, and more will be leamt by this means in 
a few days than could ever be done by the study of 
diawinga alone. 

O KOINE D VAULTING. 

202. Boman Vimltinff. — The principles of Roman 
vanlttng have been explained at considerable length in 
Section L; and in Section 11., articles 119 to 131, the 
methods of obtaining tiie profiles of the groins, and the 
developments of the aoffita of Gylindrical vaults, have 
been fully shown. We have, therefore, in this place 
only to apply the application of these principles to 
the working of the groins, no other portion of a common 
groined vault offering any particular difficulty. 

203. The simplest way of working a groin-stone is to 
bring the stone into a cubical form, as shown in fig. 92, 
plate S ; and on the vertical and horizontal surfaces of 
operation thus obtained, to apply templets taken from 
a full-sized plan and elevadrai; see fig. 91, plate 8. This 
is the easiest way of proceedingi but tlie waste of stone 
is very considerable. 

204. If the stone to be worked is laJy suf&dently 
large to contain its intended form without any waste, we 
must begin by working two plane faces at ri^ angles 
to each othec, to contain thelieBdingj(Mntsa£c(4 bigb, 
fig. 92, plate 8. These having been worked, and the 
fooD of tiie stone marked with a templet talcen finm a 



Digitized by GoOgle 



lOS RODIMENT3 OF THE 

fiill-aized section of the vaidt, the top and bottom bed 
can be worked with a common sqnare, and the arris lines 
drawn upon them. The curved soffits can then be finished 
with a curTcd rule, cut to the proper curve and applied 
between the top and bottom arrises. This method makes 
the most of the stone, and saves the labour of making 
burfaces of operation ; but it requires considerable care 
to keep the angles perfectly true. 

205, Tlie above methods suppose that the main and 
the cross vault are built in horizontal courses, which 
would always be done in the Italian style ; but it is 
quite possible to keep the courses of the main vault 
horizontal, and to make those of the cross vault radiate 
from the centre of the main vault. This arrangement 
may be seen in £g. 6 [art. 17)> It is only suited to rough 
nibble- work, aa the esecntion of such a vanlt in regular 
masonry would be a most complicated process, 

206. Gothic Vaulting, — In Qothic vaulting, aa ex- 
plwned in Section I., the profiles of the groins are 
always formed of circiilar curves, and the forms of the 
vaulting surfaces are made to depend on the curvature 
of the groins, instead of the groins following the form 
of the vaulting surface, as in Roman vaulting. 

It is true that, in the decline of the pointed style, 
elliptical groins were used to a certain extent ; but this 
was after the introduction of vaults of solid masonry, as 
the fan vault, and the later lierne vaults, which assimilate 
very closely in their construction, although not in their 
decoration, to the vaults of the modem Italian school. 

For this reason we do not propose here to take into 
consideration the construction either of fan vaults or of 
the late'pointed'vaulte, which are chieSy built of jointed 
maaonry. 

llie conatroction of a pointed waggon vault of solid 
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masonry is precisely similar in principle to that of a com- 
mon cylindrical arch, however complicated the tracery 
which may be sank upon its soffit; and the construction 
of a &n Tanlt may be accomplished either by the roles 
^ven in art. 158 and following articles, or by forming 
horizontal snr&ces of operatioii, as shown in fig.lO, art. 
25 ; which seems to have been the plan adopted by the 
masons of the middle ages ; althongh in many emting 
vaults the extrados is parallel to the soffit, the sur&ces 
of operation having been chipped off, so as to bring the 
upper surface of the vault to a curved form. 

207. Rib and Pannel vaulting is quite different in its 
construction, Ixith from Roman vaulting and from tlie 
late pointed vaults of which we have .just spoken. 

It consists, as has been before explained, of a frame- 
work of light ribs, each of which is worked in the same 
manner as a cylindrical arrfij and of light pannels 
which rest on this framework, and are either built in 
courses or formed of thin slabs of stone scribed to the 
ribs ; the general principle on which the vaulting sur- 
&ces are formed bnng, tiiat the soffits of the psnnels 
shonid everywhere coincide with a strught-edge applied 
in a horizontal direction from rib to rib ; altiiough when 
the pannels are bmlt in courses they are made slightiy 
Concave as the stones would otherwise have little to keep 
them from falling. No difficulty occurs in working the 
ribs themselves, since each stone forms a portion of a 
cylindrical arch; but a considerabia amount of projec- 
tion and transference of lines is required in arranging the 
curves of the ribs, and to obtain the bevels for working 
the stumps of the ribs on the boss-stones, at their inter- 
sections. We propose, therefore, to conclude this little 
volume by a brief description of the projections required 
for the execution of a plain ribbed vault, with an expla- 



Digitizad by Google 



110 



BUDIMBNTS OF THE 



oKlitm of the manner of &)du>g the oorrataie of the 
liemes and the ber^ for bosa-8tones in the simplest 
dsas of Heme vaults. 

208. The various ribs iatrodticed in Gothic vaulting 
may be classed under sis heads, viz. : — 

1st. Transverse ribs, which are placed at right angles 
to the length of the vault. 

2nd. Longitudinal ribs, which are parallel to the length 
of the vault. If the apartment be vaulted in one span, 
the longitudinal ribs are called, from their position, 
H-rt/l ribs. 

3rd. Diagonal ribs, or cross springers. Upon these 
the main strength of a Gothic vaxii d^iende ; whikt, in 
the Roman groined ¥»xit, wi^iont r^M, tbe gcoinf we 
the weakest parts. 

4th. Intermediate ribs. These are ribs intiod^ioed 
between the transveree and dngoDal ribs, and^may be 
dtber sarfaoe riba, that is, ribs coinciding with a pre- 
viously determined vaulting surface; or they may be 
independent ribs, each of which marks a groin ; that is, 
a change in the direction of the vaulting surface. 

5th. Ridge ribs. Ridge ribs, as essential portions of ' 
the construction of a vault, are unnecessary where no 
intermediate ribs are introduced ; and, in this ease, the 
ridge ribs of the Gothic vaults were frequently built in 
with the pannels instead of being previously built as a 
portion of the framework of the vault. An example of 
this may be seen in a vault in the ruins of Wingfidd 
Manor House, Derbyshire. In this vault, the central 
bosses have been prepared for the rec^tion of ihe ridge 
ribs ; but the latter, instead of being moulded to corre- 
sposd with the mouldii^ of tin bosses, are plain ca^«d 
strifu, bnilt is as k^toRes to tbe xobUe arches fanning 
thepaoneh. Wben iatennediate stbi an i n tr od aced, 
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tiu ridge ilbs become essential as strata to keep the 
former in their place previous to the ineertian of the 

In making the ridge form part of the framevork 
of die vanlt to he built mth a light skeleton centre, a 
difficulty occurs, unless the vault be highly domical in 
■its structure ; as there ia otherwise nothing but the 
centering to keep them in their places until they 
can he supported by the pannels. A common remedy 
for thi.s wiis to make each portion of the ridge from 
boss to boss slightly concave. A very striking example 
of this may lie seen at Lincoln Cathedral; where ^ 
bosses ap[iear to be placed in a level line, or nearly ao, 
whilst the ridse ribs of the several compart»enta form a 
series of flat arches between them. 

6th. loemes. These are short ribs introduced be- 
tweea the principal nbs, so as to form orDatnental 
pattema. Their forms are generally governed by the 
vaulting sur&ce, although tbey are built as separate 
arch^ not as portions of the panneL When many 
hemes are introduced, the oonatraction of tiie vault 
becomes complicated ; and. instead of the skeleton 
centre. whiCLi is all that is requisite for constructing a 
plain ribbed vault, a regular boarded centenng must be 
]>rovided. In the complex licrne vaults, the pnncipleof 
ihe pliun rilibcd vault, viz, the making the vaulting 
sLirluec tu depend upon the curvature ot the ribs. is. in a 
great measure, lost siffht of; as it becomes necessary 
trst to design the general iorm ol the vault, with which 
the curves of the ribs must be made to correspond. 

209. Curvature of ike Ribs. — In designing a plain 
ribbed vault, it is siiapl«t to begin widi the transverse 
ribs, as thur focm, in a great measure, gomos the 
^qtearance of the work. 
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Each rib may be struck as a single arc of a drdef 

or'frbm two centres; so that each pcdr of ribs forma s 
four-centered arch. Whichever plan is adopted, the 
centre of the curve at the springing shouirl he on the 
springing line ; neither above nor below it, as either of 
these positions produces an unpleasant effect ; the curve 
in the former case becoming horse-shoed, and, iu the 
latter, forming an acute angle with the springing line. 

Fig. 93, plate 8, shows the plan of a quarter of one 
compartment of a ribbed vault, with the elevation oi 
each rib placed on its plan — a 1 5 istheplan/andoo'B, 
the elevation, of the transverse rib. 

210. The transTenie ribs having been decided on, 
the next thing to be settled is the form of the raoss- 
springers, and here some little arrangement is neces- 
sary. .Two objects should be kept in view; the first, to 
make the radius of curvature as nearly as postdble the 
same as that of the transverse ribs ; and the second, to 
make the curve at the springing start at right angles to 
the springing line. The simplest way of accomplishing 
these objects is to strike the transverse and the diagonal 
ribs with the same radius ; the centre nf the curve being 
placed in both cases on the springing line. This is shown 
in fig. 94, plate 8, where a b is the elevation of the 
transverse, and a o that of the diagonal, rib. This was 
acomnian arrangement in Continental vaulting ; but it 
has the peculiarity of producing a highly-domed vault, 
the intersections of the cross- springers at c being much 
above that of the transverse ribs at b. If we wish to 
keep the ridges horizontal, we hav& a new condition 
introduced, and the complete solution of the problem 
cannot be effected with single arc ribs only. If we 
confine ouisdves to ribs formed of a single arc, we may 
make the diagonal rib of the same radius as the trans- 
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verse ; platnng the centre below ihe springing line, as 
in fig. 95, plate S ; or we may keep the centre of the 

diagonal rib on the springing level, and diminish the 
radias, as shown in fig. 96, plate 8. 

By the employment of two-centred ribs, however, the 
adjustment of the curvature can be accomplished with 
great faciUty ; this is shown in fig. !I7, pi.ite 8, where 
the first portions of the diagonal and transv crac ribs are 
struck with a common radius a d ; the remainder of the 
transvcTsc ril) Lfiogstruckfrom /,andtbatof the diagonal 
rib from c, ho that each pair of diagonal ribs forms a 
three- centred arch, of whidi the flatness at the crown 
is concealed by the boss. These examples will suffice to 
show the variety of ways in which the cnrratnre of the 
diagonal ribs may be determined. 

211. The cnrvature of the crosB-springers determine 
the general plan of the spandril, and this governs, to a 
certain extent, the curvature of the intermediate ribs. 
The longitudinal rib may be determined either as shown 
in figures 96 and 97, or the proportion of the rise to the 
span may be kept the same as in the transverse ribs and 
the springings stilted, as shown in the elevation of the 
wall rib e e' f, fig. 9,1, This last arrangement was a 
very common one in thurdi roofs ; the stilting of the 
wall ribs being necessary in order to leave proper space 
for the clerestory windows. 

To ascertain the general plan of the spandril solid, 
take any point, as a', halfway up the transverse rib, and 
let fall the perpendicular a' 1. Set off this height on 
the elevations of the diagonal and wall ribs, and from 
the points c', e', where a horizontal line at this level cuts 
the ribs, let fall the perpendiculars c* 2 and 3. Join 
1,2 ; 2,3 ; then a, 1 2 3 e, is the general plan of the 
spandril at the height a>. 
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We have already spoken (Section I., art. 19) of the 
variety of form that may be produced in the middle plan 
of the spandril by a slight alteration in the curvature of 
the ribs; and the reader \vi!l, therefore, understand; 
without furtlier explaiiatioii, the method about to be 
described of obtaining the curves of the intermediate 
ribs from this middle plan. Thus let it he determined 
to make the intermediate ribs project Ijcfore the lines 
1,2 ; 2,3. Design the plan o 1 4 2 5 3 e, so as to give 
to the spandril the form that may be wished ; and from 
the points 4, 5, erect the jieipendiculaTa 4 jr', 5 1', each 
respectively equal to 1 a\ Then the form of ihe iidge 
h&riog been previoualy demded on, (in tbe example 
shoTm in fig. 93, both the kingitadinal and transvem 
ridges are made horizontal,] we have three points in each 
intermediate rib through which to draw the required 
curve, which may be struck either from one or two 
centres, according to circumstances. In fig. 93, the 
whole of the ribs are made single arcs of circles; the 
centre of the intermediate rib i f being placed above, 
and that of the rib g h being placed below, the spring- 
ing level. If the ridge-ribs are not horizontal, their ele- 
vations must be drawn before those of the intermediate 
ribs, and the points h, k, ascertained accordingly. 

212. For the purpose of showing the manner of find- 
ing the curvature of a heme lying in a given vaulting 
surface, we have introduced in fig. 93 two liernes j h and 
I k. From any convenient point m on the diagonal rib, 
about halfway between i and set up the perpen- 
dicular m u, and fram i set np the perpendicular 1 
Draw 11* tn, l i', pandleL to the sprin^g. On the 
elevation of the intermediate rib; h set off h r' = n nt' ; 
draw n parallel to the springing, and frcsn n let &II 
the perpendicular N n. Join ntn, csttdng i A at ^p; ,» m 
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will be the plan of a level line on the soffit. On j A 
erect the perpendiculars h ii' iind ]} p, making /( h' = 
Di' and pp = m^ V. Then i, p and ii' are three points 
in the soffit of the lieme, through ivhich the required 
nrve may he readily drawn with a trammel. 
The curvature of the lieme i k is obtained in the 

213, Tlie voussoirs forming the ribs are worked in a 
very simple manner, as each stone forms a portion of a 
cylindrical arch. Two parallel &ce« ctf.operatioii are 
firet formed, at a dietanoe apart eqoal to the maximum 
thickness of the rib, and on one of these bees the cnrve 
of tiie soffit is marked witii a templet. The Boffit is 
then worked with a common square, and the eadx of 
die cut to radiate from the curve of the soffit, 

atbei with an aieh-sqnare or with a templet applied on 
one of the faces. The profile of the mouldings is then 
marked on the ends with a templet, ^nd the sofGt 
Fill. 98. gauged toitsproperwidth; 

lastly, tlic liiic!. bounding 
the pavalkl iaccsoftlie rib 
arc scribed on the latter 
with a gauge applied fo the 
soffit, and tlie mouldings 
are sunk by means of a 
mould ^plied to these 
lines and to the arris lines 
I of the soffit as ^own in 

fig. 98, irtiich liowever ia 
i> only Intended to show ^ 

prumple opendaon, as praeticaUy eadi member is 
worked in succession, with a separate templet, inr&ees 
of operation being formed, eonbdning the arrises of the 
mouldings between ii4tieh the templets are applied. 
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A rebate must he sunk in tlie upper part of each face, 
to receive tlie patinels. 

214. In arranging the positions of the feet of the rihs 
upon the impost, care must be taken to make each rib 
as much as possible distinct and independent; which is 
done by making the libs start at different distances 
from the intersections of their centre lines. This will be 
understood by reference to fig. 93 ; in which tlie inter- 
mediate ribs are made to spring from behind the inter- 
sections of the diagonaland transverse and longitudiiiEil 
ribs. The riba cease to be worked as separate arches, 
from the level at vhich the mouldings begin to iDter- 
sect each other. Below this point, the spriDg^ng must 
be worked in horizontal courses ; the npper bed of the 
top course bang cut into a series of inclined planes, 
BO as to form a proper abutment for the foot of each 
rib. 

To work these springers the top and bottom beds are 
first worked) and the centre lines of the rihs marked 
upon them. The position of tlie soffit of eacli rib is 
then transferred to these lines from a full-sized eleva- 
tion, and the soffits worked with convex templets applied 
to the top and bottom arrises. Lastly, the soffits are 
gauged to the proper widths, and the mouldings worked 
out with moulds applied in a direction radiating from 
the cnire of each rib. 

815. In working the keystones at the intersections 
of the ribs some little d^cnlty occurs, inasmuch as 
from each rib being a separate arch, its middle secdon 
must be a vertical jJlane, and the mouldings of the ribs 
will therefore not mitre, but intersect each other in a 
very awkward manner: see fig. 99. 

To hide this, the keystones are worked with a round 
lump or iofs, ornamented with foliage and sculpture; so 
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a kr^e lilock, .-iml to ivork upon it a 
surface of operation, ti) wliich the 
ribs were trail sfcrri^d from a full-sized plan of the vault; 
and the form of tlic soffit was tlien obtained by squaring 
down fr(im this upper surface. 

217. This method occasions much extra labour, and 
a great waste of stone. The following is preferable ! — 
Suppose it is required to work the boss-stone at i, fig. 93, 
plate 8. 

Make a short templet to the cnrre of the soffit of 
Fig. 100. the rib c rf, so that ita 

bottom edge shall be 
horizontal ; and mark 
on it a. vertical line, 
corresponding to the 
axis of intersection of 
the ribs (see fig. 100). 
Make similar templets 
for the two hemes, i A, 
I k. Mark on each 
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templet the form of the boss, and cut away the upper 
edges ; ao that when the three templets are applied to 
the sofBt of the finished stone, the ends of each shall 
exactly coincide with the soffit of each rib ; the carving 
of die boss lying in the hollows thus formed. To work 
the stone, begin by sinking a draft to the templet for 
the diagonal rib ; and then, placing one of the lieme 
templets at the proper angle with the first templet, sink 
it into the stone until the horizontal edges of the two 
are out of winding. Apply tlie third templet in a simi- 
lar manner. Knock off the superfluous stone square to 
the drafts, and wc have then three curved surfaces of 
operation containing the soffits of the three ribs. The 
rest of the operation presents no difficulty. 

The above method applies to all the boss-stones in a 
vanlt, whatever their shape or position, and will be mi- 
derstood by inspection of figs. 99 and 100. 

218. The stamps on the boss-stones should always 
be squared to form proper abutments for the ends of 
the ribs. This was not always done by the mediaeval 
ari^itects, who often worked the stumps of the Hemes 
on the bosses, so as to fonn acute angles with thdr 
soffits. 
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Thx fbllomi^ interestii^ Invoitigatiai hm been kindly for- 
warded bj T. A. Walter, Esq., the Government Architect at 
Waahington, United Statu, iriuch will, it is preramed, be 
most instructive, on this valaahle building material : — 

Report of Professor Wd.ter "R. 3ohn»m on the Suildinfi Stone 
used in mnstrxtcting the foundations of the extension of the 
United States Capitol. 

In conformity with direcfions unci in^trin^tions to test the 
stone used in the foundation niills of tlic extension of the 
Capitol, with respect to tlieir ■.tn iiLrth in.:I diinibilLty, I pro- 
ceeded to inspect the walls al' ',];<' in'i -,\iiiL's, mid to ncite, as 
far as practicable, the general iliaiju tcr, ;m(l the apparent 
differences in the stones nhieh luin' nttunily been kid in the 

There was no diffieiilly in aseert^iLniut; that some diversity, 
both ill appearance mid texture, existed among the materials, 
and it coEisequciitlj became evident that no one sample which 
could be selected would adequately represent the entire mass. 

It therefore became necessary to select a moderate number 
of samples, from different parts of the two wings, and, as fiir 
practicable, with reference to the proportions in which tiey 
seemed to prevail in the walls. 

It is evident that tUs proportionditycoBld only be approxi- 
mately obtained. 

It IS confidently beUeveS that the extremes of character 
have been readied, but it is to be remarked that the sample 
which was taken to show the least prohable strength vnis one 
of a vei^ Aw which ^tpear mosUy in the fonndatitm of the 
Kntth inog. 
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Three Bunples were taken fraia the nails of each win^ 
beaides which b block lying irithin the north wall was taken 
to furnish a series of cubes of different stzes to teat the 
question of increase of resistance according to enlargement of 
area, and one sample of the sandstone lued in two or three 
of the inteiior projections only of the walls of the sonth 
wing. This sandstone is of the same character as that of 
which the Capitol is liuilt. 

The samDles were nrenarpd for trinl bv sswine out from pnoh 



ploved by MfEsra. Totten. Ilenrv. Ewbank. and M'nlter in 
their recent trials of the marbles. Of the sis cubes from 
each sample, one was selected and reserved lor trials of at- 
rooapheric effects, and the others carefully sauced to the 
thousandth part of an inch. preparntDry to the operation ot 
crushing. In general the specific gravity of every sjii^cimeii 
was taken in the ordinary way before crushing. 

For the sandstone it was fonnd necessary to talii; acconnt of 
the water absorbed when immersed for the purpose of toking 
ita specific gravity. 

The niacnine used for crushing is that employed for the 
ordnance service of tlie Navy, in testing the various materials 
reouired for that service. 

It consists essentially of a leror of the first tind, having 
fulcrum distances, of 20 to 1, acting by its shorter mm on a 
lever of the second ordet, having fultrum distances of 10 to 
1, and consequently the relation of the weight applied to the 
first lever to llie force exerted by the second is one to 200. 

The fulcra of the iii.ichinc arc all steel knife-edges, and no 
allowauCT is madr for fiiction. 

The compri'sfiion of tlie specimens, when under trial, was 
ascertained from time to time by suitable calhpers applied by 
Steel plates above and below the stone, and the modulus of 
resistance to compression was thns ascertained with considei- 
able exactness. This modulna varies ctMsiderably in different 
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samplea, and eren in difTerent cubes from the same sample. 
In order to obtain a stamlard of companson of the different 
specimens of the stone operated on. a sample of a rock was 
tested lai^y used la tiaa countrv, and to some extent bv 
Goremment, for bmldmg and other pni-posea. 

This vas the Qumcj' siemte, which, as mil be observed bj 
reference to the Table, sustained a rerv bis;h pressure before 
crushmg. In testing tbo action of the atmosphere on, the 
diiferent snnipJes. I may remark that, for the particular pur- 
pose ol the founiliitiuiia ot the Gapilol. it nas considered that 
the trials of tlic: tSect ol fro.st ai e rery important, as it is Un- 
derstood Ibat thcw tuundn turns will, when the building is com- 
pleted, hp cmliiiiiked m suub a manner that frost will never 
reach them. 

For other uEca|to wlucli tins stone mnv be applied these 
trials may be of much importance. To some esttnt an ex- 
emption Irom water percolatin;: the soil will also apply to the 
f a on n e 1- Id ng wi 1 be 

mostly carncu away bv nine? aim iirains. and me shieidm? oi 
the surface by pavements or flagi^iiiss "ill tend to keep dry 



Chcniicitl trials were ^dfctod of snch of llie smiiplrs as ap- 
peaivd to reiire^ent the e^scUK-a of strength to resist crush- 
ins, and to subject them to such reaeents as are likelv to 
be most efdcieni in nature in causmg disintegration or dissO' 

The two SHBtplefl taken for chemical bubIjsis were tbose 
numbered one and seven of the accompanving Table ; and for n 
mechanical separation of certain mineral constituents No. o, 
of the same Table, was chosen, being one of those which ap- 
peared to have been freed from the action of atmospheric in- 
fluences prior to its removal from the quarries. 

For some of the uther samples, likewise, the effect of heat- 
ing was noted by way of comparison. The quarries from which 
the stone is stated to have been derived for the south wing is 
known as the Smith quarry, and those from which that of the 
north wing is taken are the O'Neill rinarries. One of the 
O'Neill quarries is immediately nrljn^nin^ ^lli;>i nf ^l!litll, and 
these two appear to furnish stone of i ^^i iL:i;ill} tlii' elia- 

The other quarries of O'Neill are a few hundred feet lower 
down the canal. At all these quarries it is judged that stone 
may be found, representing every variety embraced in the 
series of specimens selected for trial from the foundaUons of 
O 
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the Capitol, At all of them there is a corering of greater or 
less depth, from one or two to ten or iipelce feet of soil, sand, 
gravel, aod clayey matter, with some rolled pebbles, all of 
irhich repose in beds, more or leas regular, apon the n^ei 
edges of the tuieaceons rock, worked in the quarries, lliis 
rode lies inclined sonthwestwardly, iu an angle of about SO de- 
grees ; and the uatursl beds and fissnrea of the stone afford 
passage to the surface water to penetrate to a considerable 
distance below the upper edges. This penetration has caused, 
in some parts, a discoloration, accompanied by a greater or 
less alteration of the consistency of the rock, the natural bluisb 
or greenish colour being changed to a yeDowish- brown or drab 
colour ; and for about twenty or twen^-five feet from the top, 
the rock has been so affected by these surface mfluences as to 
be unfit for use in building. * 

Below that level, varying however in the different strata, 
the workable stone la found. In some ol the softer portions 
it appears that the decomposition Las extended further down 
than in adjoining lirmer beds. 

■ In breaking the blocks the depth to which atinosphcnc in- 
fluences have penetrated is in general suilicii'iith- iinUnited by 

ject those parts nlnch have been niatiTiiillv iilLi^ltJ by the m- 
flaenccs above relcrred to : and the Inr^e heaps of rejected 
matter near the quarries, evince the necessity and the exercase 
of a discrimination in the seleetinn of such parts as are fit for 
bnilding purposes. The discoloration of the stone is sonie- 
times only superficial, or extends to the depth of hut a few 
lines. The upper edges of the rock neit to the covering of 
sand, gravel, etc., afford little more than a mass of micaceous 
Band, mth bareljr coheuon enough to beni handling. 

The rock in its normal, or solid state, appears to occupy an 
intermediate place between true mica slate, of which flag-stones 
are made, and gneiss, which has the mineral composition of 
granite. This rock has quartz and mica in large proportions 
as compared with feldspar. It exhibits many nodules of quartz, 
nearly pure, and small garnets, together with iron pyrites, and 
magnetic oside of iron. 

A Table is given eshibitirg, first, the number of samples 
tested ; second, th§ part of the foundation walls from which 
they were severally taken ; third, the numbers of the several 
spedmens taken from each sample ; fourth, the external char 
ractem of each specimen ; fifth, the spedflc gravity ; uxth, the 
weight of each BMnple per eabio toot, derived from the average 
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aperific grantj ; seventh, the height of each qwdmen <anabeA ; 
eighth, the observed compression ; ninthi the force prodacing 
the observed compression ; tenth, the area of the base of each 
specimen operated on ; eleventh, the modules of resistance to 
compression of each specimen ; twelfth, the average modulaa 
for each sample ; thirteenth, the average crushing force per 
square inch, m ponnda ; fourteenth, the absorption of water 
&r each sampb ; and, fifteenth, the loss of each sample bj the 
efiHect of heat. 
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: pyntei on two adet. 



Froin the baide of the 
wall, near tbe nonli- 
east eoroer of llie 
north wing, about the 
middle height of tbe 
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From the looBe Ooaea 
l;ing nesr the north 
inside the north 



Colour darlt grey ; a 
ent sides, thin 



Few blocks of nhitish 

I of quart! on differ, 
imgukr bands of 
I resembling Udc, but 
probobl; ii mici. 
Ine while band conCajning pyiitei ; 
white matter very eaaOf cut; di^ 
coloured slliceoiu matter in ipDla. 
lint at one cQnier> white qunrtt tt an- 
otfaer ; one or two ipecki of pyrites. 

biing " teldipar."' ' 



le.colour light grey ; pTritea ; 
ule of flint on one tide; 
iccka of partly decomposed 



ig feldspar ; no brewn streak. 
Light grey specks ; no pyrites t brownish 
Btriiak crosses the beds ; ft few garnets. 
Brownish streak Tcrtieal to beds ; no py- 

yellowi^-whtta feldspar. ^ 
Sa nudule of pyritei, l-ith of an inch 
in diameter; light gi^ipot I duimUc 
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In condnetiiig the eiperimoits on cnnAing, the opportimi^ 
vas embraced of ascertaining the emoiint of coinpreagioii irhicti 
the stone received under certain loads to which it was sub- 
jected. The observations have a practical bearing when np- 
olied to malerinis of TiiriHblp cliarai'ler enierinp into the snnie 

It [he wealiest vanettea were at the same time those which 
could bear the lease compression, it might happen that the 
blocks of stone having httle strength to resist crushing, as 
1 little capacity to undergo compression, might be 
while the stronger kinds would be 
sing force and would be eventually 



D follov 
decompose 



■the 



.me po 



it onght 



us by a pan 
isible by a given 
1 Its natural 



it should be bot 
force, and more absorbent of fluids than it » 
or nnaltered <!onditiou. The experiments tbrnish a remark- 
able confinnatdon of this view. The table proves that the 
samples which had been altered b; partial decomposition (Nos. 
6 and 7) were much more compressible ; that is, they gave a 
lower modulus of resistance by compression than any of the 
samples which were in the ordinary unchanged state of the 
blue rock. The same altered samples were likewise more ab- 
sorbent of water than those which were unaltered. The fol- 
lowing short table shows the modulus of resistance and ah- 
sorptioa of water, arrkneed with reference to increasing resist- 
" ■" " T to the admisMon of water. 
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Tbf differences of comiircsBibility are oLviouslj- not solely 
due to atmosplierio acliiiii. 

It "ill be remarked that, iustead of tlie usual term "mo- 
dulua of elasticity," the expression " modulus of tesistance to 
compression" is used, wbitb seems to be more appropriate to 
express that character or property of building materiab, which . 
is practically applied in arcbitecture. 

Exaamialiont to illtutraU the EffeeU of Atmo^erieJnfiueneet 
on the Stone. 

In testing the action of frost, the process was applied of 

frcLiiiii; Uie spcdmciis after moistening them with distilled 

This mode of cxjierimenting (not now allowed for the first 
time) has the advantage over other proceeses Bometiines re- 
sorted to for imitadng the effect of feezing, in prodnring both 
the chemical and the mechaniiad actions on t£e stone which, 
naturally result from atmospheric humiditjr and a freezing 

Eacli cube subjected to (r>. r-Ar.^ nas criclo^icd in a thin 
metallic box. fumislinl wilh mu:,J,Ic cui i .■.i.d the whole 
coiJtaliiiiia til,; ^ik','iiin.'yjs \sa> pliiccd nitliin a 
larger vessel of tbin metul, ubicli ivas surrouiidc-d by a freez- 
mg mixture, i^re was of course taken that all the particles 
detached from each cube by the freezing should remain in its 
own box. The gain in the weight of the box, after thirty re- 
petitious of the freezing process, as ascertained by a balance 
sensible to the two-hundredth part of a. grain, gave the loss 
which the stnne had suffered undef this treatment. Both in 
respect to the absorption of water and to the influence of frost, 
it will be observed that the strong rocks, such as sample No. 1 
of the blue quartzose mica slate, and the Quint^ uenite (sam- 
ple No, 9), manifest gr^at power to resist the diuntegrating 
action of diese powerftd causes. Wlule sample No. 1 lost only 
of a grain by frost. No. 6 lost yj^ No. and the 

Aquia Creek santbtone. No. 6, lost -j^, or exactly 12 times as 
much as No. 1. While the sample No. 5, a very sound and 
compact variety of the blue rock, absorbed but of agrain of 
water. No. 6 took 4-20, No. 7 5 88, and the Aqnia Creek 
sandstone 199 grains. 

The latter acted in fict like a spoi^, and became com- 
pletely wet throughout. 

This was proved by crushing some cubes of that atone im- 
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mediately after tliev liarl been immersed in water. It is pn>- 
per to state tliat the absorption ol' irater is rej)resented by the 
difference in weight, ascertained by first weighing the speci- 
mens after being thoroughly dried, end again after being per- 
mitted to absorb .water by the ud of the eihsnstion of an nir 
pump, and the subsequent pressnie of the atmosphere while 
immersed in A vessel of water within the receiTer. 
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41, 42, 43. DicnoNARTES of the EuGuaH, OsEjiiii, Ann Peswch Lak- 

OUAOE8, by K. £. Htimi!toa,3ToU., upaialdy It. euh . . 3 
44,45. DiciiONART OF THE HsBBEw ABB Eboiish Lanouaqbs, Contain- 
ing the Biblical and RabbiiiicBl irorda, 2 tdIi. (Ingcther nith thu 
Gramtnar, which may be had Bcparately for Is.) by Dr. BrcMlau, 
Hetvew FiafessDT 7 

46. EMOLiaaiHi) Hebrew LinoDAaEa. Tol. ni. 

to oomplete ■•••••••••tiS 

47. FBEHGHAXDEiraLUBFlIftASIlBOOX ^b- • ' 



THE SERIES OF EDUCATIONAL WORKS 

Art en talemtualandi tffiiading; iht me Jar iw {» CiMiglt and Schmii 
and tie other far lAe library. 



Hamiltos's OpruKig of the Histobt op Eholawi, 4 toU in 1. etrongly 



bound in cloth 

Ditto, m half-raorocco, gill, marbled edffcs . . . 5». W. 

History of Greece, 2 vols, in 1, bound in clotb . . . . 3s. fiA 

Ditto, iu hulf-mororco, j-ill, msrblcd cUgci U. 

lUsmRX OF KOME, 2 vols, in I, lioi^ntl in doth Ss. OA 

lUtlo, inhalf-mcnc.o, .^^iU, mnil.lf.I ((]L-ri 4j. 

ClIRONIILOaY OF ClvlT AMI J!("'l I.T".I ["riJAL IlTSTOaT, Ltteratube, Aht, 

fte , 2 vol... ill 1, l,.yjiKl m clo'll 3i, M . 

Ditto, in half-moi-ocro, f-ilt, and marbled edfTS . . . . 4j. 

Clarke-9 Dictiokakv op the EKOuaii LANODAfiB, bonnd in cloth . *!. Sd. 

, in hnlf-morocco, eilt, mnrlled edges Sj. 

— , bound with Dr. Ciabke's ENDLiEn Geamsiak. in elolh . fij. Ei!. 

Ditto, in hslt-morocm, gilt, marblad <dgea . ... 6s, 
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CLASSICAL SBRIiS. 31 

HAHntoH'B Ghsbk AND Enolish aud Snglibe AND Obeez DicnoiuitT, 
4 Tola- in 1, bound in eLodi . 

Ditto, in lalf-monicm, gilt, maibled eign . . . Ss,ed. 

Ditto, with tlie Gb£SK ft nmmm, 1»und in cIotTi . . &!. 

Ditto, with Dillo, in half-morocco, gilt, marbled odgca . 6j. Si/. 

'^°™^''™b.^jn^j*b™niki^ckth ^'^'^"^ I''^"o^.ulT,^2 ^ 

— Ditto[ with the Latin Gii*mm*h, bound in oloth . . 5j, &l. 

Ditto, Kith Ditto, in half-motocco, E^lt, .ncn-blt'duigcs . . 6.. 

ELWEB'SFHBHCHAimENOLIEn BodENGLISU AKQ FitEXCH DiCTIOKAUY, 

2 TolB. in 1, in cloth . . 3/. 6d. 

Ditto, In hilf-miiniilED, gilt, ntublei edges is, 

Ditto, irilli UisFRBiiOH Gbahmab, bonndinslsth . . li. 

DiiEo. mlh Ditto, in haU-morocco. gut^ nmblgd edges . . . fit. 

Fkbnoh urn JiaiQLiBH Pebabe Cook, or Taonbuki; of all ConrerKUoiiBl 

■WoKI", rHiiimi, ir> n\rcv iii iin' nmiiici Ii IM. 



Ditto, with Dillu. iu liair-uiuiuvco. i:Lll. iiiarl.li d isili"'' . . <Jii. 

4 Tola, m 1. bouno m ciom . . . . . . . . 

Dillo. in bBii-motocoo, gilt, matbiea eagea . . , . o», 6if. 

— Dulu, wuume uuAutuit, Dounamaioin tst. 

— - Ditto, vith Ditto, in half morocco, gilt, mtubled edgn . 8i. 6d. 
3,toh's English, Gbbiuk, am Febsoh, — GRmuir, F bkmch , and 

Enqlisi!, — Fbencr, Qesuan, and Ehquek Dictionaut, 3 role. 

in 1, bound in cloth 4j, 

Ditto, in half-niorocco, gill, marbled gdgea . , . is.Bd. 

— Ditto, with tiic GRiHKAa, bound in clolli 

Ditto, with Ditto, in lialf-morccco, gill, maihled cdgoa . Bs. 6rf, 

SLin's Hebsw iND Enqueb: Diotiokabt, with the GiUMMAn, 3 

vols, bound in doth IZs. 

Ditto, 3 Toll., in half'inotoooo, ^t, marbbd odgca . . , lit. 



Nov! in tlie cmne of Fubliea<ic,n, 

GREEK AND LATIN CLASSICS, 

Prioe ll; per Yoluins, (aicept in aome inatancaB, auil those are li, 6d. or 
St. eabh]v ttrj neatlj printed on good pa^wr. 
A Sadea ot Tolnmsa coDtwniDg the principal QMek and Latin Authors, 
aocompanied hj Ezplauatoiy Hotea in Bngliih, prinaipall; aelactad fraM 
the beat and most reoent German Commentatrai, and eomprlung all thou 
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WOBKS IS OBMEBAL UTEMTUBE PUBIISHEP B? LQCtWOOD i CO. 



THE BEATITT OF HOLINESS; 

^-actical GbriBtian'a Doil^ OoedpwiIdd : bdin^ a CoUacliim of apwjirda of Two 
1 ReBeDliTa Bnd Bi^uiil Pmmgm. Bamariubla tar llMii Samain. B«uCy, 
IjcabiUty; idtined traca tba3aondWiHtin|a,uidBnDgtdIaBlgh&-tnoSeD- 
9h amipriiliie a dUbnat Themo for lUdltaUni. Br tha Edltgn ot " TrnUu 
KlI)r<£wtABth«i." t 



PHnx>sopHr OP ■william shakespeare. 

jid Alphablttcallfsrranged, bytlioUdlton ot "Truths lUuBtTdtdd by Great Auttiats." 



coad Edition, Ibap. Rro, iihith. i^t (^m ABS !»■«■ '•^Ui boatlful tialid UUiagnph 
nwitlapi™ ■»') Title, ■ftart£sdeali|ikorH(iiltiIt«(Kh. pdogSi;, 

SONGS OF THE SOTIL, 

titAab, Pfvebni, end AidflriouTiilffra, AndmtuidHDdflni.OririDilaDd n-iui^ 
r tbe Eilton gf "TruOu Sbutnted Qxttt Anbbon,'' "Tha Bmnly nt EuU- 



THE 80 HBEAM STORIESJ 
ZTov tisdf, Iba ndr^-Hnnd Ediliim, prioa lA, 

' A TEAP TO OATOH A SDMBEAMl 
Jin Ell dc tonu jlitfAvr, 



" COMISa HOME." 31. doth Uun 

1SE SREAH CEIHTZ. HMMnried 
Jamib^Qsdwih. ii. M, irith ■ beao- 

OLD JOLLIFFB, EotiaabUnStnT. U 
TBE eEQDEL TO "OLD JOLUPPE.'l* 

•C Iba'pnciii' 



THE H0U3EJ0N THE ROCK H- 
"0NLTi".T.laforTourigBiidOld. u 
THE CLOUD WITH THE SILVER LimNQ. 
"A MEBBT CHRISTMAS." !i [H. 
THE STAB IN THE DEEEBT. U 
SIBEBT'S WOLD ; or. CROSS PUBFOSES. 
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